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PREFACE. 



with those of the paragraphs ; and nearly all the old cuts have 
been re-engraved, and about fifly new ones added. 

And, finally, perhaps the author will be excused for adding, 
that besides the circulation of this work in England, Scotland, 
and Prussia, there have been printed, and sold more than half 
a million copies in this country. 

J. L. C. 

Hartford, Aprils 1852. 



NATURAL PHILOSOPHY, &c. 



CHAPTER I. 

THE PROPERTIES OF BODIES 

TURAL Philosophy, or the Science of Nature^ has for its 
s the investigation of the properties of all natural bodies 
heir mutual action on each other. The term Physice has 
ilar meaning. 

A Body is any substance of which we can gain a knowU 
by our senses. Hence, air, water, and earth, in all their 
fications, are called bodies. 

There are certain properties which are common to all 
s. These are called ihe essential properties of bodies, 
are Impenetrability, Extension, Figure, Divisibility, In- 
and Attraction, 

iMPENETRABiLirY. — By impenetrability, is meant that two 

)s can not occupy the same space at the same time, or, that 

dtimate particles of matter can not be penetrated. Thus, 

vessel be exactly filled with water, and a stone or any other 

ance heavier than water, be dropped into it, a quantity of 

r will overflow, just equal to the size of the heavy body. 

shows that the stone only separates or displaces the para- 

of water, and therefore that the two substances can not ex- 

i the same place at the same time. K a glass tube open 

le bottom, and closed with the thumb at the top, be pressed 

Q into a vessel of water, the liquid will not rise up and fill 

tube, because the air already in the tube resists it ; but if 

thumb be removed, so that the air can pass out, the water 

instantly rise as high on the inside of die tube as it is on 

lat are the objects of natural philosophy! 1. What is a bodyl 2. Mention 
al bodies. What are the essential properties of bodies? 3. What is meant bj 
'teirabilitjf 7 How is it proved that air and water are impenetrable 7 
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the outside. This shows that t6e air is impenetrable to the 
water. >^ 

4. If a nail be driven into a board, in common language, it 
is said to penetrate tSI wood, but in the language of philoso- 
phy, it only separcttes^ or displaces the particles of the wood. 
The same is the case* if the nail be driven into a piece of lead ; 
the particles of the^le^ are separated from each other, and 
crowded together, to make roopi for the harder body, but the 
particles themselves;jwre by no means penetrated by the nail. 

5. When a piece' of jtold'is dissolved in an acid, the parti- 
cles of the ^hetal are- divided^ or separated from each other, and 
diflFused in the fluid, but the particles of gold are supposed still 
to be entire, for if the acid be removed, we obtain the gold 
again in its solid form, just as though its particles had never 
been separated. 

6. Extension. — Every body, however smally must have length, 
breadth, and thickness, since no substance can exist without them. 
By extension, therefore, is only meant these qualities. Exten- 
sion has no respect to the size, or shape of a body. 

7. The size and shape of a block of wood a foot square is 
quite different from that of a walking-stick. But they both 
equally possess length, breadth, and thickness, since the stick 
might be cut into little blocks, exactly resembling in shape the 
large one. And these little cubes might again be divided until 
they were only the hundredth part of an inch in diameter, and 
still it is obvious that they would possess length, breadth, and 
thickness, for they could yet be seen, felt, and measured. But 
suppose each of these little blocks to be again divided a thou- 
sand times, it is true we could not measure them, but still they 
would possess the quality of extension, as really as they did be- 
fore division, the only difference being in respect to dimensions. 

8. Figure or form is the result of extension, for we can not 
conceive that a body has length and breadth, without its also 
having soms kind of figure, however irregular, 

.9. Some solid bodies have certain or determinate forms 
which are produced by nature, and are always the same, 
wherever they are found. Thus, a crystal of quartz has six 
sides, while a garnet has twelve sides, these numbers being in- 
variable. Some solids are so irregular, that they can not be 

4. When a nail is driven into a board or piece of lead, are the particles of these 
bodies penetrated or separated 1 6. Are the particles of gold dissolved, or only sep. 
arated by the acid 1 6. What is meant by extension? 7. In how manv directions 
do boilies possess extension 1 8. Of what is figure or form the result 1 Do all 
bodies possess figure ? 9. What solids are regular in their forms 1 
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ipared with ^any mathematical fi^re. This is th« 
li the fragments of a broken rock, chips of wood, fractnred 
IS, &c ; these are chlled amorplums, ^ 
.0. Fluid bodies have no determinate forms, but take their 
pes from the vessels in which thev l^pen to be placed. 
.1. DivisiBiLirr. — By the ^ivtsAufty of matter^ we mean 
ia body may be divided into parUf and that theee parti may 
in be divided into other parti, i^ ^ 
L2. It is quite obvious, that if we bapak a piece of marble 
> two parte, these two parte may again bo divided, and that 
process of division may be contmued until ihese parte are 
small as not individually to be seen or felt But as every 
ly, however small, must possess extension and form, so we 
I conceive of none so minute but that it may again be di- 
ed. There is, however, possiblv a limit, beyond which 
lies can not actually be divided, for there may be reason to 
ieve that the atoms of matter are indimible by any means 
our power. But under what circumstances this takes place, 
whether it is in the power of man during his whole hfe, to 
verize any substance so finely, that it may not again^ be 
ken, is unknown. 

Id. We can conceive, in some degree, how minute must be 
I particles of matter, from circumstances that every day come 
tun our knowledge. 

14. A single grain of musk will scent a room for years, and 
1 lose no appreciable part of ite weight Here, the particles 
musk must be floating in the air of every part of the room, 
lerwise they could not be every where perceived. 

15. Gold is hanunered so thin, as to take 282,000 leaves to 
ke an inch in thickness. Here, the particles still adhere 
each other, notwithstanding the great surface which they 
'er, — ^a single grain being sufficient to extend over a surface 
fifty square inches. 

16. iNDESTRUCTiBiLmr. — This term m^eans thai nothing it 
•troyed. The ultimate particles of matter, however widely 
ty may be diffused, are not individually destroyed, or lost, 
t under certain circumstances, may again be collected into a 
ly without change of form. Mercury, water, and many 
ler substances, may be converted into vapor, or distilled in 

What bodies are irregalar 1 11. What is meant by divisibility of matter 7 Is 
•e any limit to the divisibilitr of matter ? 12. Are the atoms of matter diTisible 1 
What examples are given or the divisibility of matter 1 15. How many leaves of 
1 does it take to make an inch in thickness 1 How many sifuare inches may a 
n of gold be made to cover 1 16. Under what circumstances may the partielsa 
lattnr again be collected in their original form ? 

1* 
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clofic vessels, without any of their particles being lost In such 
cases, there is no decomposition of the substances, but only a 
change of form by the heat, and hence the mercury and water 
assume their original state again on cooling. 

17. Where bodies suffer decomposition or decay, their ele- 
mentary particles, in like manner, are neither destroyed nor lost, 
but only enter into new arrangements or combinations with 
other bodies. 

18. When a piece of wood is heated in a close vessel, such 
as a retort, we obtain water, an acid, several kinds of gas, and 
there remains a black, porous substance, called charcoal. The 
wood is thus decomposed, or destroyed, and its particles take a 
new arrangement, and assume new forms, but that notiiing is 
lost, is proved by the fact that if the water, acid, gases, and 
charcoal, be collected and weighed, they will be found exactly 
as heavy as the wood was before distillation. 

19. Bones, flesh, or any other animal substance, may in the 
same manner be made to assume new forms, without losing a 
particle of the matter which they originally contained. 

20. The decay of animal or vegetable bodies in the open air, 
or m the ground, is only a process by which the particles of 
which they were composed, change their places and assume 
new forms. 

21. The decay and decomposition of animals and vegetables 
on the surface of the earth form the soil, which nourishes the 
growth of vegetables; and these, in their turn, form the nu- 
triment of animals. Thus is there a perpetual change from 
life to death, and from death to life, and as constant a succes- 
sion in the forms and places, which the particles of matter as- 
sume. Nothing is lost, and not a particle of matter is struck 
out of existence. The same matter of which every living ani- 
mal, and every vegetable was formed since the creation, is still 
in existence. As nothing is lost or annihilated, so it is proba- 
ble that nothing has been added, and that we, ourselves, are 
composed of particles of matter as old as the creation. In time, 
we must, in our turn, suffer decomposition, as all forms have 
done before us, and thus resign the matter of which we are 
composed, to form new existences. 

22. Inertia. — Inertia means pa^esiveness or want of power. 
-u — — 

17. What is meant br indegtructibilitv 7 la When bodies suffer decay, are their 
particles lost 1 19. What becomes of the particles of bodies which decay 7 21. Is it 
probable that any matter has been annihilated or added, since the first creation ? 
WlMt Is said of the particles of matter of which we are made? 
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«, matter iSy of itself, equaUy incapable of putting itself in 
ion, or of brining itself to rest when in motion, 
S. It is plain that a rock on the sur&oe of the earth never 
iges its position in respect to other things on the earth. It 
of itself no power to move, and would, tiierefore, forever lie 

unless moved by some external force. This fiict is proved 
he experience of every person, for we see Uie same objects 
^ in the same positions all our lives. Now, it is just as true, 
. inert matter has no power to bring itself to rest, when once 
in motion, as it is that it can not put itself in motion when 
Bst, for having no life, it is perfectly passive, both to motion 

rest ; and therefore either state depends entirely upon cir- 
istances. 

4. Common experience proving that matter does not put 
f in motion, we might be led to believe, that rest is the nat- 
. state of all inert bodies : but a few considerations will show 
; motion is as much the natural state of matter as rest, and 
t either state depends on the resistance, or impulse, of ex- 
lal causes. 

5. If a cannon-ball be rolled upon the ground, it will spon 
se to move, because the ground is rough, and presents imped- 
nts to its motion ; but if it be rolled on the ice, its motion 

continue much longer, because there are fewer impediments, 
. consequently, the same force of impulse will carry it much 
her. We see from this, that with the same impulse, the 
ance to which the ball will move must depend on the im- 
iments it meets with, or the resistance it has to overcome, 
i suppose that the ball and ice were both so smooth as to re- 
^e as much as possible the resistance caused by friction, then 
i obvious that the ball would continue to move longer, and 
to a greater distance. Next, suppose we avoid the friction 
Lhe ice, and throw the ball through the air, it would then 
tinue in motion still longer with the same force of projection, 
ause the air alone presents less impediment than Uie air and 

and there is now nothing to oppose its constant motion, ex- 
t the resistance of the air, and its own weight, or gravity. 
26. If the air be exhausted, or pumped out of a vessel by 
ans of an air-pump, and a common top, with a small, hard 
nt, be set in motion in it, the top will continue to spin for 

L What doeg inertia mean 1 24. Is rest or motion the natural etate of matter 1 
Why does the ball roll farther on the ice than on the inround 1 What does this 
re 1 Why, with the same force of projection, will a ball more further through 
air t han on the ice 1 26. Why will a top spin, or a pendulum swing, longer in an 
Muted vessel than in the air ? 
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hours, because the air does not resist its motion. A pendulura, 
set in motion, in an exhausted vessel, will continue to swing, 
without the help of clock-work, for a whole day, because there 
is nothing to resist its perpetual motion but the small friction at 
the point where it is suspended, and gravity. 

27. We see, then, that it is the resistance of the air, of fric- 
tion, and of gravity, which cause bodies once in motion to 
cease moving, or come to rest, and that dead matter, of itself 
is equally incapable of causing its own motion, or its own rest. 

28. We have perpetual examples of the truth of this doc- 
trine, in the moon, and other planets. These vast bodies move 
through spaces which are void of the obstacles of air and fiic- 
tion, and their motions are the same that they were thousands 
of years ago, or at the beginning of creation. 

29. Attraction. — By attraction is meant that property or 
qTiality in the particles of bodies, which makes them tend toward 
eojch other, 

.30. We know that substances are composed of small atoms 
or particles of matter, and that it is a collection of these, united 
together, that form all the objects with which we are ac- 
quainted. Now, when we come to divide, or separate any sub- 
stance into parts, we do not &id that its particles have been 
united or kept together by glue, little nails, or any such me- 
chanical means, but that they cling together by some power, 
not obvious to our senses. This power we call Attraction, but 
of its nature or cause, we are entirely ignorant. Experiment 
and observation, however, demonstrate that this power pervades 
all material things, and that under different modifications, it 
not only makes the particles of bodies adhere to each other, but 
is the cause which keeps the planets in their orbits as they pass 
through the heavens. 

31. Attraction has received different names, according to the 
circumstances under which it acts. 

32. The force which keeps the particles of matter together, 
to form bodies, or masses, is called Attraction of cohesion. 
That which inclines different, masses toward each other, is 
called Attraction of gravitation. That which causes liquids to 
rise in tubes, is called Capillary attraction. That which forces 

27. VIThat are the causes which resist the perpetual motion of bodies ? 28. Where 
have wc an example uf continued motion without the existence of air and friction 1 
29. What is meant by attraction 1 30. What is known about the cause of attraction 1 
Is attraction common to all kinds of matter, or not? What effect does this power 
have upon the planets 1 31. Why has attraction received different names 7 32. How 
many kinds of attraction are there 7 How does the attraction of cohesion operate 1 
What is meant by attraction of gravitation 1 What by capillary attraction 1 
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rticles of substanoes of different kinds to unite, is known 

the name of Chemical attraction. That which causes 
edle to point constantly toward tlie poles of the earth, is 
9tic attraction ; and that which is excited by friction in 
I substances, is known by the name of Electrical at- 
m. 

The following illustrations, it is hoped, will make each 
i attraction distinct and obvious to the mind of the student 

Attraction of Cohesion acts only at insensible distances^ 
en the particles of bodies apparently touch each other, 
. Take two 
of lead, Fig, "o. i- 

round form, 
ih in diame- 
d two inches 

flatten one 
if each and CohuUm, 

through it 

'e-hole for a string. Make the other ends of each as 
h as possible, by cutting them with a sharp knife. If now 
nooth surfaces be brought together, with a slight turning 
ire, they will adhere with such force that two men can 
^ pull them apart by the two strings. 

In like manner, two pieces of plate glass, when their 
es are cleaned from dust, and they are pressed together, 
dhere with considerable force. Other smooth substances 
it the same phenomena. 

This kind of attraction is much stronger in some bodies 
n others. Thus, it is stronger in the metals than in most 
substances, and in some of the metals it is stronger than 
lers. In general it is most powerful among the particles 
id bodies, weaker among those of liquids, and probably 
ly wanting among elastic fluids, such as air and the gases. 

Thus, a small iron wire will hold a suspended weight 
wy pounds, without having its particles separated ; the 
les of water are divided by a very small force, while those 
' are still more easily moved among each other. These 
3nt properties depend on the force of cohesion with which 
iveral particles of these bodies are united. 

(That by chemical attraction 1 What is that which makes the needle point 
the pole 1 How is electrical attraction excited 7 53. Give an example of colie- 
faction 1 37. In what substances iscohesiye attraction the strongest? In 
ibstances is it the weakest 1 38. Why are the particles of fluids more easily 
ed than those of solids 1 
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39. When the particles of fluids are left to arrange them- 
selves according to the laws of attraction, the bodies which they 
compose assume the form of a globe or ball. 

40. Drops of water thrown on an oiled surface, or on wax, — 
globules of mercury, — ^hailstones, — a drop of water adhering to 
the end of the finger, — ^tears running down the cheeks, and dew- 
drops on the leaves of plants, are all examples of this law of 
attraction. The manufacture of shot is also a striking illustra- 
tion. The lead is melted and poured into a sieve, at the height 
of about two hundred feet from the ground. The stream of 
lead, immediately after leaving the sieve, separates into roand 
globules, which, before they reach the ground, are cooled and 
become soUd, and thus are formed the shot used by sports- 
men. 

41. To account for the globular form in all these cases, we 
have only to consider that the particles of matter are mutually 
attracted toward a common center, and in Uquids being free to 
move, they arrange themselves accordingly. 

42. In all figures except the globe or ball, some of the parti- 
cles must be nearer the center than others. But in a body that 
is perfectly round, every part of the outside is exactly at the 
same distance from the center. 

43. Thus, the cori*M^ of a cube, or 
square, are at much greater distances 
from the center than the sides, while 
the circumference of a circle or ball is 
every where at the same distance from 
it. This difference is shown by Fig. 2, 
and it is quite obvious, that if the parti- 
cles of matter are equally attracted to- 
ward the common center, and are free 
to arrange themselves, no other figure 
could possibly be formed, since then 
every part of the outside is equally at- 
tracted. 

44. The sun, earth, moon, and indeed all the heaven y bodies, 
are illustrations of this law, and therefore were probably in so 
soft a state when first formed, as to allow their particles freely 
to arrange themselves accordingly. 



FIG. 2. 




Olobular form. 



39. Vl^hat form do fluids take, when their particles are left to their own arrange* 
ment 1 40. Give examples of this law. 41. How is the slobular form which liquids 
assume accounted for ) If the particles of a body are free to move, and are equal- 
ly attracted toward the center, what mui9t be its fi^rure 1 43. Why must the figure 
^ a globe 1 44. What great natural bodies are examples of this law 1 
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Adhesion bfJtoeen solid* and liquids. 



kBHBSiON. — ^The attraction between solids and liquids 

d adhedon. This is well illustrated by means of fig, 8. 

ay nice- 

loe the 

copper, 

oeans of 
in the 

hdthen 

e vessel 

•, B, un- 

copper, 

in more 

luid un- 
^taljust 
it. Now 

ng weights in A, it will be found that the metal ad- 
» the water with so much force, that if the plate has an 
about seven inches, it will require a weight of more than, 
rains to raise it from the surface of the water.-r 
Ittraction of Gravitation. — As the attraction of 
\ unites the particles 6f matter into masses or bodies, so 
^action of gravitation tends to force these meases toward 
\er^ to form those of still greater dimen- 
The tenp gravitation, does not here 
refer to the weight of bodies, but to 
■action of the masses of mafter toward 
ther, whether downward, upward, or 
tally. 

Fhe attraction of gravitation is mutual, 
11 bodies not only attract other bodies, 
themselves attracted. 
Two cannon-balls, when suspended by 
ads, so as to hang quite near each other, 
dd to exert a mutual attraction, so that 
of the cords are exactly perpendicular, 
nr approach each other as in Fig, 4. 
m the same manner, the heavenly bodies, 
liey approach each other, are drawn out 
line of their paths, or orbits, by mutual. 

[on. Attraction. 



no. 4. 



Hat explanation can rou gi^e of Pig. 31 40. What is meant by attraction of 
Ml 7 47. Can one body attract another without being itself attracted? 
is it proved that bodies attract each other 1 
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60. The force of attraction increases in proportion as bodies 
approach each other, and by the same law it must diminish in 
proportion as they recede from each other. 

51. Attraction, in technical language, is inversely as the 
squares of the distances between the two bodies. That is, in 
proportion as the square of the distance increases, in the same 
proportion attraction decreases, and so the contrary. Thus, 
if at the distance of 2 feet, the attraction be equal to 4 pounds, 
at the distance of 4 feet, it will be only 1 pound; for the 
square of 2 is 4, and the square of 4 is 16, which is 4 times 
the square of 2. On the contrary, if the attraction at the dis- 
tance of 6 feet be 3 pounds, at the distance of 2 feet it will be 
9 times as much, or 27 pounds, because 36, the square of 6, 
is equal to 9 times 4, the square of 2. 

52. The law 
of attraction in fig.5i. 

masses is very sat- 
isfactorily shown 
by the two little 
cork balls 'in Fig. 
5. They are cover- 
ed with varnish, Attraction of cork ball$, 

or beeswax, to re- 
pel the water. 

Two such balls placed on the surface of a dish of water, two' 
or three inches apart, an<f not near the side of the dish, will 
soon begin to approach each other ; their velocities being 
in proportion to their sizes, and increasing as their distances di- 
minish, until quite near, when they rush together as though 
they had life. 

53. The intensity of light is found to increase and diminish 
in the same proportion. Thus, if a board a foot square, be 
placed at the distance of one foot from a candle, it will be 
found to hide the light from another board of two feet square, 
at the distance of two feet from the candle. Now a board of 
two feet square is just four times as large as one of one foot 
square, and therefore the light at double the distance being 
spread over four times the surface, has only one fourth the in- 
tensity. 
■ — • 

50. Br what law or rule, does the force of attraction increase? 51. Give an exam- 
ple of this rule. 52. How is attraction illustrated by Fig 5 7 53. How is it shown 
that the intensity of light increases and diminishes in the same proportion as the at- 
traction of matter 7 
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The force of the attraction of gravitation, is in proportion 
quantity of matter the attracting body contains. 
Some bodies of the same bulk contain a much greater 
ty of matter than others : thus, a piece of lead contains 
twelve times as much matter as a piece of cork of the 
dimensions, and therefore a piece of lead of any given 
ad a piece of cork twelve times as large, will attract each 
equally. 

Capillary Attraction. — The force by which tmall 
or porous substances^ raise liquids above their levels, is 
capillary attraction. 

If a small glass tube be placed in water, the water on 
side will be raised above tlie level of that on the outside 
tube. The cause of tills- seems to be nothing more than 
*dinary attraction of the particles of matter for each other, 
ides of a small orifice are so near each other as to attract 
articles' of the fluid on their opposite sides, and as all at- 
on is strongest in the direction of the greatest quantity of 
ir, the water is raised upward, or in 3ie direction of the 
h of the tube. On the outside of the tube, the opposite 
ses, it is obvious, can not act on tlie same column of water, 
Jierefore the influence of attraction is here hardly percep- 
in raising the fluid. This seems to be the reason why the 
rises higher on the inside than on the outside of the tube. 
. Height and size of the Wc— ^The 
it to which the fluid will rise, 
s to depend, not on the specific 
ty of the fluid, but on the size of 
)ore. 

I. Thus, if the four glass tubes, 
n by Fig. 6, are respectively the 
, 20th, 40th, and 80th of an inch 
iameter, then the height of the 
in each will be mversely as their 
ral diameters. 

). On comparing the elevation of several fluids in tubes of 
same diameter, it has been found that water rose more than 
e times as high^ sulphuric acid, though the latter is nearly 

Do bodies attract in proportion to bulk, or quantity of matter 1 56. Wliat 
i be the difference of attraction between a cubic inch otlead, and a cub c inch of 
1 Vf\vy would there be so much difference 7 56. W^hat is meant by capillary 
ition ? 57. How is this kind of attraction illustrated with srlass tubes ? Why 
the water rise higher in the tube than it does on the outside ? 58. On what 
the height of the fluid in capillary tubes depend 1 59. Explain Fig. 6. 60. What 
) difference io height between sulphuric acid and water 1 
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twice as heavy as the former, and therefore contams a propor- 
tionate quantity of attractive matter. The cause of this differ- 
ence is unknown. 

61. Prevents evaporation.-r^li is. very remarkable that ca^nl- 
lary attraction prevents evaporation. Thus, fine glass tubes, 
open at both ends, and containing water, were exposed to the 
influence of the sun, in the open air, for months, .without losing 
the least portion of their contents. 

62. It is well known that mercury in a small vertical tube is 
depressed around the sides next to the glass ; but rises in the 
center, forming the section of a ball. This is owing to the 
strong attraction the particles of this metal have for each other, 
while they appear to have none for the glass. This attraction 
is beautifully shown by the little bright globules which mercu- 
ry forms on being thrown on a smooth surface. 

63. A great variety of porous substances are capable of ca- 
pillary attraction. If a piece of sponge or a lump of sugar be 
placed so that its lowest comer touches the water, the fluid will 
rise up and wet the whole mass. In the same manner, the 
wick of a lamp will carry up the oil to supply the flame, though 
the flame is several inches above the level of the oil. If die 
end of a towel happens to be left in a basin of water, it will 
empty the basin of its contents. And on the same principle, 
when a dry wedge of wood is driven into the crevice of a rock, 
and afterward moistened with water, as when the rain falls 
upon it, it will absorb the water, swell, and sometimes split the 
rock. In Germany mill-stone quarries are worked in this 
manner. 

64. Chemical Attractiok takes place between the particles 
of svhstances of different kinds, and unites them into one com- 
pound. 

65. This species of attraction takes place only between the 
particles of certain substances, and is not, therefore, a universal 
property. It is also known by the name of chemical affinity, 
because the particles of substances having an affinity between 
them, will unite, while those having no affinity for each other 
do not readily enter into union. 

66. There seems, indeed, in this respect, to be very singular 
preferences, and dislikes, existing among the particles of matter. 

61. What is said of its preventing evaporation t 62. Why does mercury form a 
section of a ball in a glass tube ? 64. What is the effect of chemical attraction 1 
65. By what other name is this kind of attraction known 1 66. What effect is pro> 
duced when marble and sulphuric acid are brought together? What is the effect 
when glass and this acid are brought together 1 What is the reason of this difference 1 
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r a piece of marble be thrown into sulphuric acid, their 
8 will unite with great rapidity and commotion, and there 
ult a compound differing in all respects from the acid 
cnarble. But if a piece of glass, quartz, gold, or silver, 
wn into this acid, no change is p^duocd on either, be- 
heir particles have no affinity. 

Sulphur and quicksilver, when heated together, will form 
aful red compound, known under the name of vermilion, 
lich has none of the qualities of sulphur or quicksilver. 
Oil and water have no affinity for each other, but pot- 
B an attraction for both, and therefore oil and water will 
rhen potash is mixed with them. In this manner, the 
lown article called soap is formed. But the potash has 
ger attraction for an acid than it has for either the oil or 
ter ; and therefore, when soap is mixed with an acid, the 
leaves the oil, and unites with the acid, thus destroying 
i compound, and at the same instant forming a new one. 
one happens when soap is dissolved in any water con- 
; an acid, as the waters of the sea, and of certain wells, 
ftash forsakes the oil, and unites with the acid, thus leav* 
3 oil to rise to the surface of the water. Such waters are 
hard, and will not wash, because the acid renders the 
a neutral substance. /^ «/- 

Maonetio Attraction. — ^There is a certain ore of iron, 
3 of which, being suspended by a thread, will always turn 
its sides to the nordi. This is called the loadstone, or 
U magnet, and when it is brought near a piece of iron, or 
I mutual attraction takes place, and under certain circum- 
s the two bodies will come together, and adhere to each 
This is called Magnetic Attraction, When a piece of 
T iron is rubbed with a magnet, the same virtue is com- 
ated to the steel, and it will attract other pieces of steel, 
' susffended by a string, one of its ends will constantly 
toward the north, while the other, of course, points 
1 tiie south. This is called an artificial magnet. The mag- 
leedle is a piece of steel, first touched with the loadstone, 
len suspended, so as to turn easily on a point. By means 
8 instr^ent/the mariner guides his ship through the 
dss ocean. See Magnetism, 

Fhtn tBuIphor and qaicksilver are combined, what is formed 1 68. How maj 
water be made to anitel What is the composition thus formed called 1 
MS an acid destroy this compound 1 What is the reason that hard water will 
lb 1 69. What is a natural magnet 1 What is meant by magnetic attraction « 
iMijurtificialmagnetl Whatls a magnetic needle 1 what is iu use 1 
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'70. Electrical Attraction. — ^When a piece of glass, or 
sealing-wax, is rubbed with the dry hand, or a piece of cloth, 
and then held toward any light substance, such as hair or 
thread, the light body will be attracted by it, and will adhere 
for a moment to the glass or wax. The influence which thus 
moves the light body is called Electrical Attraction, When 
the light body has adhered to the surface of the glass for a mo- 
ment, it is again thrown off, or repelled, and this is called JSlec- 
trical Repulsion, See Electricity, 

71. We have thus described and illustrated all the universal 
or inherent properties of bodies, and have also noticed^ the seve- 
ral kinds of attraction which are peculiar, namely. Chemical, 
Magnetic, and Electrical. There are still several properties to 
be mentioned. Some of them belong to certain lands of mat- 
ter in a peculiar degree, while other kinds possess them but 
slightly, or not at all. These properties are as follows : 

72. Density. — This property relates to the compactness of 
bodies^ or the number of particles which a body contains within 
a given bulk. It is closeness of texture, 

73. Bodies which are most dense, are those which contain 
the least number of pores. Hence, the density of the metals is 
much greater than that of wood. Two bodies being of equal 
bulk, ^at which weighs most is most dense. Some of the 
metals may have this quality increased by hammering, by 
which their pores are filled up, and their particles are brought 
nearer to each other. The density of air is increased by forcing 
more into a close vessel than it naturally contained. 

74. Rarity. — This is the quality opposite to density ^ and 
means that the substance to which it is applied is porous and 
light. Thus, air, water, and ether are rare substances, while 
gold, lead, and platina are dense bodies. 

75. Hardness. — This property is not in proportion^ as 
might be expected^ to the density of the substance^ but to the 
force with which the particles of a body cohere^ or keep their 
places. 

76. Glass, for instance, will scratch gold or platina, though 
these metals are much more dense than glass. It is probable, 
therefore, that these metals contain the greatest number of par- 
ticles, but that those of the glass are more firmly fixed in their 
places. 

70. Wliat is meant by electrical attraction 1 V^That is electrical repulsion 7 71. What 
properties of bodies nave been described 1 72. What is density f 73. What bodies 
are most dense 7 How may this qaality be increased in metals 1 74. What is rarity 1 
What are rare bodies 1 Wnat are dense bodies 1 75. How does hardness differ from 
density 7 76. Why will glass scratch gold or platina 1 
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Some of the metals can be made hard or soft at pleasure, 
steel, when heated, and then snddenly cooled, becomes 
r than glass ; while, if allowed to cool slowly, it is soft, and 
e. 

Elasticity is that property in bodies by which, after 
forcibly compressed, or bent, they regain their original 
when the force is removed. 

Some substances are highly elastic, while others want 
foperty entirely. The separation of two bodies after im- 
is a proof that one or both are elastic In general, most 
and de|ise bodies possess this quality in greater or less de- 

Ivory, glass, marble, flint, and ice, are elastic solids. 
'OJj ball, dropped upon a marble slab, will bound nearly 
a height from which it fell, and no mark will be left on 
r. India rubber is exceedingly elastic, and, on being thrown 
»ly against a hard body, will bound to an amazing distance. 
, when hardened in a particular manner, and wrought into 
in forms, possesses this property in the highest degree, 
ih-springs, and those of carriages, as well as sword-blades, 
samples. Gold, silver, copper, and platina, also have this 
jrty in a degree. 

t. Futty, dough, and wet clay are examples of the endre 
of elasticity ; and if either of these be Uirown against an 
diment, they will be flattened, stick to the place they touch, 
lever, like elastic bodies, regain their former shapes. 
. Among fluids, water, oil, and in general all such substances 
e denominated liquids, are nearly inelastic, while air, and 
raseous fluids, are the most elastic of all bodies. 
I. Change of Form. — The change of 
in an elastic body, as an India rubber ^^ ''• 

is shown by Fig. 7, where its side, 
riking an impediment, is compressed 
but instantly springs to 6 ; the dark 
between them being the surface in 
latural state. 

\, Brittleness is the property which 
ers substances easily broken, or sepa- 
I into irregular fragments. This changt^fwm, 

erty belongs chiefly to hard bodies, 
i. It does not appear that brittleness is entirely opposed to 

What metal can be made hard or soft at pleasure 1 7S. What is meant bj 
sity 1 79. How is it luiown tliat bodies possess this property 1 Mention seve- 
istic solids. 80. Give examples of inelastic solids. 81. Do liquids possess this 
irtyl What are the most elastic of all substancesi 82. Explain Fig. 7. 83. What 
Olenessl 
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elasticity, since, in many substances, both these properties are 
united. Glass is the standard, or type of brittleness; and yet 
a ball, or fine threads of this substance, are highly elastic, as 
may be seen by the bounding of the one, and the springing of 
the other. Brittleness often results from the treatment to 
which substances are submitted. Iron, steel, brass, and copper, 
become brittle when heated and suddenly cooled ; but if cooled 
slowly, they are not easily broken, 

85. Malleability. — Vapahility of being drawn under the 
hammer or rolling-press. 

This property belongs to some of the metals, but not to all, 
and is of vast importance to the arts and conveniences of life. 

86. The malleable metals are platina, gold, silver, iron, cop- 
per, lead, tin, and some others. Antimony, bismuth, and Qo- 
bait, are brittle metals. Brittleness is, therefore, the opposite 
of malleability. 

87. Gold is the most malleable of all substances. It may 
be drawn under the hammer so thin that light may be seen 
through it. Copper and silver are also exceedingly malleable. 

88. Ductility is that property in substances which renders 
them stisceptible of being drawn into wire. 

89. We should expect that the most malleable metals would 
also be the most ductile ; but experiment proves that this is 
not the case. Thus, tin and lead may be drawn into thin 
leaves, but can not be drawn into small wire. Gold is the most 
malleable of all the metals, but platina is the most ductile. 
Dr. WoUaston drew platina into threads not much larger than 
a spider's web. 

90. Tenacity, in common language called toughness, refers 
to the force of cohesion anwng the particles of bodies. 

Tenacious bodies are not easily pulled apart. There is a re- 
markable difference in the tenacity of different substances. 
Some possess this property in a surprising degree, while others 
are torn asunder by the smallest force, j 

91. Tenacity of Wood. — ^The following is a tabular view of 
the absolute cohesion of the principal kinds of timber employed 
in the arts and in building, showing the weight which would 
rend a rod an inch square, and also the length of the rod, 
which, if suspended, would be torn asunder by its own weight. 

84. Are brittleness and elasticity ever found in the same substance? Give exam- 
ples. How are iron, steel, and brass made brittle? 85. What does malleability 
mean? 86. What metals are malleable, and what are brittle? 87. Which is tha 
most malleable metal ? 88. Whit is meant by ductility 1 89. Are the most mallear 
ble metals the most ductile 1 90. What is meant by tenacity 1 From wliat does this 
property ariae 1 
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It appears, by experiment, that the following is the ave- 
enacity of the kinds of woods named ; but it is found that 
is much difference in the strength -of the same species, 
iren of the different parts of the same tree. 

The first line refers to the weight, and the other to the 
I, the wood being an inch square. 



Teak, . 
Oak, . 
Sycamore, 
Beech, . 
Ash, 
Elm, . 
Larch, . 



Pooods. Feet. 

12,915 36,049 

11,880 32,900 

9,630 36,800 

12,225 88,940 

14,130 39,050 

9,540 40,500 

12,240 42,160 



Tenacity of the Metals. — ^The metals differ much more 
Y in their tenacity than the woods. According to the ex- 
ents of Mr. Rennie, the cohesive power of the several 
s named below, each an inch square, is equal to the num- 
' pounds marked in the table, while the feet indicate the 
1 required to separate each metal by its own weight. 



Cast steel, . 
Malleable iron. 
Cast iron, . . 
Yellow brass. 
Cast copper, . 
Cast tin. 
Cast lead. 



Poaodi. Fest. 

134,256 39,455 

. 72,064 19,740 

. 19,096 6,110 

. 17,958 5,180 

. 19,072 5,093 

. 4,736 1,496 

. 1,824 348 



e cohesion of fluids it is difficult to measure, though some 
ition of this property is derived by the different sizes of 
rops of each on a plane surfsice. 

. Recapitulation. — ^The common or essential properties 
lies are, Impenetrability, Extension, Figure, Divisibility, In- 
and Attraction. Attraction is of several kinds, viz. attraction 
beejpn, attraction of Gravitation, Capillary attraction, Chem- 
ttraction. Magnetic attraction, and Electrical attraction. 
The peculiar properties of bodies are. Density, Rarity, Hard- 
Elasticity, Brittleness, Malleability, Ductility, and Tenacity. ,' 

Kve the names of the most tenacious sorts of wood. 94. What metals are most 
as 7 What metals are least tenacious ? 95. What are the essential properties 
(es ? How many kinds of attraction are there 7 96. What are the peculiai 
ties of bodies 1 



CHAPTER II. 

GRAVITY. 

97. The force hy which bodies are drawn toward each other 
in the mass, and hy which they descend toward the earth when 
let fall from a height, is called the force of gravity, 

98. The attraction whicli the earth exerts on all bodies 
near its surface, is called terrestrial gravity ; and the force 
with which any substance is drawn downward, is called its 
weight, 

99. All falling bodies tend downward, or toward the center 
of the earth, in a straight line from the point where they are 
let fall. If, then, a body descends, in any part of the world, 
the line of its direction will be perpendicular to the earth's sur- 
fEice. It follows, therefore, that two falling bodies, on opposite 
parts of the earth, mutually fall toward each other. 

100. Suppose a cannon-ball to be disengaged from a height 
opposite to us, on the other side of the earth, its motion in re- 
spect to us would be upward, while the downward motion from 
where we stand would be upward in respect to those who stand 
opposite to us on the other side of the earth. 

101. In Uke manner, if the falling body be a quarter, in- 
stead of half the distance round the earth from us, its line of 
direction will be directly across, or at right-anglefwith the line 
already supposed. 

102. This will be readily understood by Fig, 8, where the 
circle is supposed to be the circumference of the earth. A, the 
ball falling toward its upper surface, where we stand ; B, a ball 
£illing toward the opposite side of the earth, but ascending in 
respect to us; and D, a ball descending at the distance of a 
quarter of the circle from the other two, and crossing the lioe 
of their direction at right-angles. 

103. It will be obvious, therefore, that what we call up and 
dovm, are merely relative terms ; and that what is down in re- 

97. What is gravity 1 96. Wh^t is terrestrial gravity ? 99. To what point in the 
earth do falling hodies tendl 100. In what direction will two falling Dodies, from 
opposite parts of the earth, tend in respect to each other 1 101. In what directioo 
will one from half-way between them meet their line 1 102. How is this shown by 
Fig. 8 ? 103. Are the terms up and doton relative or positive in their meaning ? 




to us, IS up in respect 
«e who live on the 
te side of the earth, 
tlie con trarj . Conse- 
f, down every where 

toward the center of 
rth ; and up, from the 
of the earth, because 
ies descend towMrl the 

center from whatever 
lejr are let &I1. This 
i apparent when we 
it Uiat, as the earth 
over every 24 hours, 
carried with it through 
inta A, D, and B, Fig. 

\, therefore, if a body DinciiBn^mungBidiir. 

■osed to &1] from tlie 
V, say at 12 o'clock, and the same to fall again from the 
oint above the earth at o'clock, the two lines of direclj in 

at right-angles, as represeoted in the figure, for tliat part 
»rth which was uuder A at 11^ o'clock, will be under D at 
ck, the earth having in that time performed one quarter 
laily revolaUoD. At 12 o'clock at night, if the body be 
ed to fall again, its line of direction will be at ri^t-aa- 
,tli that of its last descent, and consequently, it will at- 

respect to the point from which it fell 12 hours before, 
a the earth would have then gone through one half her 
[>tatioii,4Uid the point A would be at B. 



Tht velocity of every Jailing body it uniformly aeetU- 
a it» approach toward the earth, from whatever he^ht it 

If a rock is rolled from a steep mountain, its motion is 
alow and gentle ; but, as it proceeds downward, it moves 
erpetnally increased veloci^, seeming to gather fresh 
ivery moment, unldl its force is such diat every obstacle 

The piindple of increased velocity as bodies deacend 

■ undeMood br datn in idt un of the ortli I SuppoH ■ ball bs Isl fall 
lheDW«o'cl(>£k,lnirb>tdrrkllanooul<I the ImrHofthalrdiKeal meel 
Tl IM.WhubnldconGnMDjlhcinotlanioffKlLiiif bodleat lOG.How 
nued Tclocitjr UluMrunl 1 tOB. Gipliln Fi(. 9. 




&OIQ a height, is curiously illustrated by 
pouring mdassea or thick sjrup from an 
elevation to the grouad. The bulky stream, 
Fig. 9, of perhaps two inches in diameter 
nhere it leaves tue vessel, as it descends, is 
reduced to the size of a straw, or knitting- 
needle; but what it wants in bulk b made 
up ia velocity, for the small stream at the 
ground will fill a vessel just as soon as the 
Urge one at the outlet 

101. For the same reason, a man may 
leap front a chair without danger, but if he 
jumps from the house-top, his velocity be- 
comes so much increased before he reaches 
the ground, as to endanger his life by the 

It is found, by experiment, that the mo- 
tion of a foiling body is accelerated in regu- 
lar mathematical proportions. 

These increased proportions do not de- 
pend on tlie increased weight of the body, 
because it approaches nearer tiie center of 
the earth, but on the constant operatioa of the force of giavi^, 
which perpetually gives new impulses to the foiling body, and 
increases its velocity. 

108. It has been ascertained, by experiment, that a body 
foiling fieely, and witliout resistance, passes tlirough a space 
of 16 feet and 1 inch during the first second of time. Leaving 
out the inch, which is not necessary for our present purpoMj 
the ratio of descent is as follows : 

109. If the height through which a body foils in one second 
of time be known, the height which it f^ls in any proposed 
lime may be computed. For since the height is proportional 
to the square of the time, the height through which it will fall 
in tUH) seconds wiU be four times that whidi it folb through in 
one second. In (ArM seconds it will fall through nine times that 
spac«; in ,^r seconds stzfeen times that of the first second; in 
jive seconds twenty-five times, and so on in this proportion. 

The following, therefore, is a general rule to find the beiglit 
through which a body will fall in any given time. 
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I. Rule. — JReduce the given time to seconds; take the 
1 of the number of seconds in the time, and multiply the 
\ Virough which the body falls in one second by that num- 
td the result will be the height sought. 
.. The following table exhibits the height in feet, and the 
ponding times in seconds. 



le 


1 


2 


3 


4 


5 


6 


1 


8 


9 


10 


ght 


1 


4 


9 


16 


25 


36 


49 


64 


81 


100 



w, as the body falls at the rate of 16 feet during the first 
I, this number, according to the rule, multiplied bj the 
) of the time, that is, by the numbers expressed in the sec- 
ae, will show the actual distance through which the body 

I. Thus we have for the first second 16 feet ; for the end 
I second ; 4 X 16=64 feet ; third, 9 X 16 = 144 ; fourth, 
6 = 266; fifth, 25X16=400; sixth, 36x16=576; 
h, 49 X 16=784 ; and for the 10 seconds 1600 feet 
I. If, on ilropping a stone from a precipice, or into a well, 
ant the seconds from the instant of letting it fall until we 
t strike, we may readily estimate the height of the preci- 
>r the depth of the well. Thus, suppose it is 5 seconds in 
;, then we only have to square the seconds, and multiply 
y the distance the body falls in one second. We have 
) X 5=25, the square, which 25 X 16 =400 feet, the depth 
well. 

L Thus it appears, that to ascertain the velocity with 
a body &lls in any given time, we must know how many 
fell during the first second : the velocity acquired in one 
I, and the space fallen through during that time, being the 
mental elements of the whole calculation, and all that are 
ary for tiie computation of the various circumstances of 
; bodies. 

K The diflSculty of calculating exactly the velocity of a 
; body from actual measurement of its height, and the 
vhich it takes to reach the ground, is so great, that no ac- 
t computation could be made from such an experiment. 
L Atwood's Machine. — ^This difiiculty has, however, been 
)me by a curious piece of machinery invented by Mr. At- 
This consists of an upright pillar, with a wheel on the 

¥hat 18 the rule bj which the height from which a body falls maV be found 1 
w maoy feet will a body fall in 10 seconds 1 1 13. If the stone is 5 seconds in 
bow deep is the well 1 116. Is the velocity of a falling body calculated from 
aeasurement, or by a machine 1 
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top, as shown by Fig. 10. The 
weights A mid B arc of the same 
size, adA are made to balance each, 
other exactly, being connected by 
a thread iiossing over the wheel. 
The rinc;, K, admits the weight, A, 
to (all turougb it in its passage to 
the stage, 8, on which it rests. 
The ring and stage sUde Up and 
down, and are &stencd by a thnmb- 
Krew. Tlie pillar is a graduated 
Kale, and M is a small bent wire, 
weighing a quart«r of an ounce, and 
longer than the diameter of the 
ring. 

117. When the machine is to 
be used, the weight, A, ia drawn up 
to the top of the scale, and the ring 
and Bt^e are placed a cert^n num- 
ber of inches from each other. The 
small bar, M, is then placed across 
the weight, A, by means of which 
itis madeslowly to descend. When 
it has descended to the ring, the 
small wcigbt, M, is taken off by the 
ring, and thus the two weights are 
left equal to each other. Now it 
must be observed, that the motion 
and descent of the weight, A, are en- 
tdrely oirin}j to the gravitating force 
of tho weight, M, until it arrives at the ring, R, when the ae- 
tjon of gravity is suspended, and the large weight continues to 
move downward to the stage, in consequence <^ the velod^ it 
had acquired previously to that tima 

118. To comprehend the accuracy of tbis machine, it must 
be understood tbat tho velocities of gravitating bodies are sup- 
posed to be equal, whether they are large or small, this being 
tlie case when no calculation is made for the I'esistanee of the 
air. Consequently, the weight of a quarter of an ounce placed 
on the large weight, A, is a representative of all other solid 
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descending bodies. The slowness of its descent, when com- 
pared with freely gravitating bodies, is only a conTenience by 
which its motion can be accurately measured, for it is the in- 
crease of velocity which the machine is designed to ascertain, 
and not the actual velocity of falling bodies. 

119. Now it will be readily comprehended, that in this re- 
spect it makes no difference how slowly a body falls, provided 
it follows the same laws as other descending bodieSy and it has 
already been stated, that all estimates on this subject are made 
from the known distance a body descends during the first sec- 
ond of time. 

120. It follows, therefore, that if it can be ascertained ex- 
actly, how much faster a body falls during the third, fourth, or 
fifth second, than it did during the first second, we should be 
able to estimate the distance it would fall during all succeeding 
seconds. 

121. I^ then, by means of a pendulum beating seconds, the 
weight, A, should be found to descend a certain number of inches 
during the first second, and another certain number during the 
next second, and so on, the ratio of acceleration would be pre- 
cisely ascertained, and could be easily applied to the falling of 
other bodies ; and this is the use to which this instrument is 
applied. 

122. It will be readily conceived, that solid bodies falling from 
great heights, must ultimately acquire an amazing velocity by 
this proportion of increase. An ounce ball of lead, let fall from 
a certiun height toward the earth, would thus acquire a force 
ten or twenty times as great as when shot out of a rifle. 

123. By actual calculation, it has been found that were the 
moon to lose her projectile force, which counterbalances the 
earth's attraction, she would fisdl to the earth in four days and 
twenty hours, a distance of 240,000 miles. And were the 
earth's projectile force destroyed, it would fall to the sun, with- 
out resistance, in sixty-fi>ur days and ten hours, a distance of 
95,000,000 of miles. 

124. Every one knows, by his own experience, the different 
effects of the same body idling from a great, or small height. 
A boy will toss up his leaden bullet and catch it with his 
hand, but he soon learns, by its painful effects, not to throw it 

121. Bj nrhat meuiB ii the ratio of descent found 1 122. Would it be posirible for a 
rifle-ball to acquire a greater force by falling, than if shot from a rifle 1 123. How 
long woald it take the moon to come to the earth, according to the law of increase 
▼alociiy 1 How long would it talte the earth to fall to the sun 1 124. What familiar 
tUostrations are given of the Ibroe acquired by the velocity of falling bodieil 
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too high. The effects of hailstones on window-glasB, animals, 
and vegetation, are often surprising, and some times calamitow 
illustrations of the velocity of Ming bodies. 

125. It has been already stated that the TelocitieB of solid 
bodies, falling from a given height toward the earth, are equal, 
or in other words, that an ounce ball of lead will descend in the 
same time as a pound ball of lead. 

This is true in theory, and in a vacuum, bat there is a slight 
difference in this respect in favor of the velocity of the laiger 
body, owing to the resistance of the atmosphere. We, how- 
ever, shall at present consider all solids, of whatever siie, as de- 
scending through the same spaces in the same times, this being 
exactly true when they pass without resistance. 

126. To comprehend the reason of this, we have only to con- 
sider, that the attraction of gravitation in acting on a mass of 
matter, acts on every particle it contains ; and liius every parti- 
cle is drawn down equally, and with the same force. The ef- 
fect of gravity, theretbre, is in exact proportion to the quantity 
of matter the mass contains, and not in proportion to its bulk. 

127. A ball of lead of a foot in diameter, and one of wood 
of the same diameter, are obviously of the same bulk ; bat the 
lead contains twelve particles of matter where the wood con- 
tains only one, and consequently will be attracted with twelve 
times the force, and therefore will weigh twelve times as much. 

128. Attr<iction proportionable to the quaniily of matter, — 
I^ then, bodies attract each other in proportion to the quantities 
of matter they contain, it follows that if the mass of the earth 
were doubled, the weights of all bodies on its surface would ako 
be doubled ; and if its quantity of matter were tripled, all bodies 
would weigh three times as much as they do at present. 

129. It follows, also, that two attracting bodies, when free to 
move, must approach each other mutually. If the two bodies 
contain like quantities of matter, their approach will be equally 
rapid, and they will move equal distances toward each other. 
But if the one be small and the other large, the small one will 
approach the other with a rapidity proportioned to the less 
quantity of matter it contains. 

130. It is easy to conceive, that if a man in one boat pulls at 

125. Will a small and a large body fill through the same ppace in the same time? 
126. On what parts of a mass of matter does the force of gravity act 7 Is the effect 
of gravity in proportion to bulk, or qunntihr of matter 7 127. What is the difference 
between a ball or lead and one of wood, of the same size 7 128. Were the tntam of 
the earth doubled, how much more should we weigh 7 129. Suppose one bodj 
moving toward another, three times as large, by the force of gravity what would be 
their proportional velocities 1 130. How is this illustrated ? 
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a rope attacned to another boat, the two boats, if of the same 
size, will move toward each other at the same rate ; but if the 
one be large, and the other small, the rapidity with which each 
moves will be in proportion to its size, the large one moving 
with as much less velocity as its size is greater. 

131. A man in a boat, pulling a rope attached to a ship, 
seems only to move the boat ; but that he really mo> es the 
ship is certain, when it is considered that a thousand boa s pull- 
ing in the same manner would make the ship meet them naif 
way. 

It appears, therefore, that an equal force acting on bodies 
containing different quantities of matter, moves them with dif- 
ferent velocities, and that these velocities are in an inverse pro- 
portion to their quantities of matter. 

In respect to equal forces^ it is obvious that in the case of 
the ship and single boat, they were moved toward each other 
by the same force, that is, the force of a man pulling by a 
rope. The same principle holds in respect to attraction, for all 
bodies attract each other equally, according to the quantities of 
matter they contain ; and since all attraction is mutual, no body 
attracts another with a greater force than that by which it is at- 
tracted. 

132. Suppose a body to be placed at a distance from the 
earth, weighing two hundred pounds ; the earth would then 
attract the body with a force equal to two hundre«l pounds, and 
the body would attract the earth with an equal ibrce, other- 
wise their attraction would not be equal and mutual. Another 
body, weighing ten pounds, would be attracted with a force 
equal to ten pounds, and so of all bodies according to the quan- 
tity of matter they contain ; each body being attracted by the 
earth with a force equal to its own weight, and attracting the 
earth with an equal force. 

133. I^ for example, two boats be connected by a rope, and 
a man in one of them pulls with a force equal to 100 pounds, 
it is plain that the force on each vessel would be 100 pounds. 
For if the rope were thrown over a pulley, and a man were 
to pull at one end with a force of 100 pounds, it is plain it 
would take 1 00 pounds at the other end to balance. See Fig. 11. 



131. Does a Urge body attract a small one with any more force than it la attracted 1 
132. Suppose a body weighing 200 pounds to be placed at a distance from the earth, 
with how much force does the earth attract the body 1 With what force does the 
body attract the earth 1 133. Suppose a man in one boat pulls with a force of 100 
pouDdaat a rope ftstened to another boat, what would be the force on each boail 
fewiitiiia iltautratedl 
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AttraetioH iOitatntmL 

134. Attractinff bodies approach each other. — ^It k inferred 
from tho above principles, that -all attracting bodies which are 
free to move, mutually approach each other, and therefore that 
the earth moves toward every body which is raised from its sur- 
&ce, with a velocity and to a distance proportional to the quan- 
tity of matter thus elevated from its sur&ce. But the velocity 
of the earth being as many times less than that of the &lling 
body as its mass is greater, it follows that its motion is not per- 
ceptible to us. 

The following calculation will show what an immense mass 
of matter it would take, to disturb the earth's gravity in a per- 
ceptible manner. 

135. K a ball of earth, equal in diameter to the tenth part 
of a mile, were placed at the distance of the tenth part of a 
mile from the earth's surface, the attracting powers of the two 
bodies would be in the ratio of about 512 millions of millions 
to one. For the earth's diameter being about 8000 miles, the 
two bodies would bear to each. other about this proportion. 
Consequently, if the tenth part of a mile were divided into 512 
millions of millions of equal parts, one of these parts would be 
nearly the space through which the earth would move toward 
the faUing body. Now, in the tenth part of a mile there are 
about 6400 inches, consequently this number must be divided 
into 512 millions of millions of parts, which would give the 
eighty thousand millionth part of an inch through which the 
earth would move to meet a body the tenth part of a mile in 
diameter. 

V' ASCENT OF BODIES. 

136. Ha\-ing now explained and illustrated the influence of 
gravity on bodies moving downward and horizontally, it remains 
to show how matter is influenced by the same power when 
bodies are thrown upward, or contrary to the force of gi-avity. 

134. Do all attracting bodies approach each other ? Suppose the body folia toward 
the earth, is the earth set in motion by its attraction 1 Why is not the earth*8 motion 
toward it perceptible 1 135. What distance would a body, the teiith part of a mile in 
diameter, placed at the distance of a tenth part of a mile, attract the earth toward itt 
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137. What has been stated in respect to the ve- ^®' ^^ 
locity of falling bodies is reversed in respect to d 
those which are thrown upward, for as the motion 
of a falling body is increased by the action of gravi- 
ty, so it is retarded by the same force when pro- 
jected from the center of gravity. c 

A bullet shot upward, every instant loses a part 
of its velocity, until having arrived at the highest 
point from whence it was thrown, it then returns 
again to the earth. 

138. The same law that governs a descending 
body, governs an ascending one, only that their mo- 
tions are reversed. b 

139. The same ratio is observed to whatever dis- 
tance the ball is propelled, for as the height to 
which it is thrown may be estimated from the space 
it passes through during the first second, so its re- 
turning velocity is in a like ratio to the height to 
which it was sent. 

140. This will be understood by Fig. 12. Sup- 
pose a ball to be propelled from the point a, with 
a force which would carry it to the point b in the 
first second, to c in the next, and to 5 in the third 
second. It would then remain nearly stationary for 
an instant, and in returning would pass through the 
same spaces in the same time, only that its direc- 
tion would be reversed. Thus, it will fall from d 
to c in the first second, to b in the next, and to a in 
the third. 

141. Now the momentum of a moving body is as a 
its velocity and its quantity of matter, and hence 

the same ball will fell with the same force that it rises. For in- 
stance, a ball shot out of a rifle, with force sufficient to overcome 
a certain impediment, on returning would again overcome the 
same impediment. 

142. It has been doubted, even by good authority, whether 
the principle above enunciated is true — ^that is, whether a rising 
and a falling body observe the same law of motion, only, that 
they are reversed. On this point we quote Dr. Lardner, who, 
perhaps, is not inferior to any other authority. 

137. What effect does the force of gravity have on bodies moving upward 1 138. Are 
upward and downward motion governed by the same laws 1 140. Explain Fig. 12. 
What is the difference between the upward and returningvelocity of the same body ? 
141. What is said of the returning force of a rifle-ball 1 142. What doubts have been 
ezpretved on this sufcgect 1 jf^ 
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"143. All the circumstances attending the aooelerated de- 
scent of falling bodies, are exhibited in a reversed order when a 
body is projected upward. 

" Thus, if a body be projected vertically upward, with the ve- 
locity which it would acquire in falling freely during one aeoood, 
the body so projected will rise exactly to the height from wbidi 
it would have fallen in one second, and at that point of it» as- 
cent, it will have the velocity which it would have at the same 
point, if it had descended." — Hand Book of Natural PhUoto- 
phy, (London, 1851,) p. 116. 

144. It has been estimated that a leaden ball (122) filling 
from a sufficient height, would acquire a much greater limje 
than if shot from a rifle. 

It is understood that these estimates refer only to dense bullets, 
as those of lead, or other metals, on which the atmosphere has 
the least resistance. 

145. It is stated that attempts have been made to test this 
principle by shooting rifle-balls vertically, and observing with 
what force they descended, by the depth they penetrated wood- 
en impediments. 

But this would hardly be within the art of gunnery, nnless 
the mark erected for the returning ball should be more exten- 
sive than experimenters would be willing to construct 

MOTION ON INCLINED PLANK8. 

146. Bodies falling down inclined planes follow the same 
laws of motion a^ those falling freely ^ only that their velocities 
are diminished in proportion as the planes are more or less t»- 
clined, 

147. This is illustrated by Fig. 13, where let 6 be an inclined 
plane, and A, G, the vertical line of the same length, the letters 
on each marking the points to which the falling body is sup- 
posed to reach in 1, 2, 3, 4, and 5 seconds. Now suppose two 
balls to be dismissed at the same instant from A, the one foil- 
ing freely, and the other along the plane. Then, to find the 
difference in their velocities, draw perpendicular lines from the 
points, 1, 2, 3, 4, and 5, along the inclined plane, and extend these 
lines to B, C, D, E, F, G, of the vertical line, and these pcnnts 
will respectively mark the difference in their velocities. Thus, at 
the end of the first second, one of the balls will arrive at B, and 

143. What is the quotation from Dr. Lardner? 144. What estimates hare been 
made with respect to the fall of a rifle-ball 1 145. What is said of the ezpcrimenC of 
shooting rifle-balls vertically 1 146. What are the laws of motioa down inelinad 
planes 1 147. Explain Pig. 13. 
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the other at 6, and so in these propor- ^®* ^ 

tions until they fall to the earth. 

148. It will therefore be observed, 
that although the ball which falls down 
the plane is retarded in its motion by 
friction, stiU it follows the same law as the 
other, both being uniformly accelerated 
in their descent by the force of gravity. 

FALL OF LIGHT BODIES. 

149. It has been stated that the 
eartlCs attraction acts equally on all 
bodies containing eqttal quantities of 
matter^ and that in vacu^^ all bodies, 
whether large or small, descend from the 
same heights in the same time, (125.) 

There is, however, a great diflfer- 
cnce in the quantities of matter which 
bodies of the same bulk contain, and 
consequently a difference in the resist- 
ance which they meet with in passing 
through the air. 

160. Now, the fall of a body containing a large quantity of 
matter in a small bulk, meets with little comparative resistance, 
while the fell of another, containing the same quantity of mat- 
ter, but of larger size, meets with more in comparison, for two 
bodies of the same size, meet with exactly the same resistance. 
Thus, if we let fall a ball of lead, and another of cork, of two 
inches in diameter each, the lead will reach the ground before 
the cork, because, though meeting with the same resistance, the 
lead has the greatest power of overcoming it. 

151. This, however, does not affect the truth of the general 
law, already established, that the weights of bodies are as the 
qtiantitie^ of matter they contain. It only shows that the pres- 
sure of the atmosphere prevents bulky and porous substances 
from felling with the same velocity as those which are compact 
or dense. 

152. Were the atmosphere removed, all bodies, whether li^ht 
or heavy, large or small, would descend with the same velocity. 
This has been ascertained by experiment in the following manner : 

148. What does the ezplanrntion of the figure prove 1 149. What is said of the fall 
of bodies 1 ISO. Why will not a sack of feathers and a stone of the same size &U 
throogh the air in the same time 1 151. Does this affect the truth of the general law, 
that tue weights ofbodies are astheir quantities of matter 1 158. What would be tha 
tflbct OB the fidl of light and heavjr bodies, were the atmoq)here removed 1 
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The air-pump is an instrument by 
means of which the air can be pumped 
out of a dose vessel, as will be seen under 
the article Pneumatics. Taking this for 
granted at present, the experiment is mode 
in the following manner: 

153. On the plate of the air-pump, A, 
plnce tlio tall jar, B, which is open at the 
bottrjin, and has a brass cover fitted close- 
ly to the toi>. Through the cover let a 
wire pass, air-tiirlit, having a small cross 
at the lower end. On each aide of this 
cross place a little stage, and so contrive 
them that by turning the wire by the 
handle, C, thcsa stages shall be upset. On 
one of the stages place a guinea or piece 
of lead, and on the other place a feather. 
When this is arranged, let the air be ex- 
hausted from the jar by the pump, and 
then turn the handle, C, so that the guinea 
and feather may fall from their places, and 
it will be found that they will both strike 
the plate al the same instant Thus is it 
demonstrated, that were it not for the re- 
sistance of the atmosphere, a bag of feathers and one of 
guineas would fail from a given height with the same velocity, 
and in the same time. 

e 







CHAPTER III. 



154. Motion may be defined, a eonlinwed change of ploet, 
with regard to a fixed point. 

155. Without motion there would be no rising nor setting 
of the Sim — no change of seasons— no fall of rain — no building 
of houses, and finally no animal life. Nothing can be done 
without motion, and therefore witliout it, the whole universe 
would be at rest and dead. 

1S3. How is il prared thnt B feillitr and a sulnoi will bll llirougli cmul iputa in 
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156. In the language of philosophy, the power which puts 
a body in motion is called /orce. Tlius, it is the force of gravi- 
ty that overcomes the inertia of bodies, and draws them toward 
the earth. The force of water and steam frives motion to ma- 
chinery.&c. ^ 

157. For the sake of convenience, and accuracy in the use of 
terms, motion is divided into two kinds, viz. absolute and relative, 

158. Absolute motion is a change of place with regard to a 
fixed point, and is estimated Avithout reference to the motion of 
any other body. When a man rides along the street, or when 
a vessel sails through the water, they are both in absolute motion. 

169. Relative motion is a change of place in a body, with 
respect to another body, also in motion, and is estimated from 
that other body exactly as absolute motion is from a fixed point. 

160. The absolute velocity of the earth in its orbit from west 
to east, is 68,000 miles in an hour; that of Mars, in the same 
direction, is 55,000 miles per hour. The earth's relative ve- 
locity, in this case, is 13,000 miles per hour from west to east. 
That of Mars, comparatively, is 13,000 miles from east to west, 
because the earth leaves Mars that distance behind her, as she 
would leave a fixed point. 

161. Hest, in the common meaning of the term, is the op- 
posite of motion, but it is obvious that rest is often a relative 
term, since an object may be perfectly at rest with respect to 
some things, and in rapid motion in respect to others. 

1G2. Thus, a man sitting on the deck of a steamboat, may 
move at the rate of fifteen miles per hour, with respect to the 
land, and still be at rest with respect to the boat. And so, if 
another man was running on the deck of the same boat at the 
rate of fifteen miles the hour in a contrary direction, he would 
be stationary in respect to a fixed point, and still be running 
with all his might, with respect to the boat. 

«L VELOCITY OP MOTION. 

163. Velocity/ is the rate of motion at which a body moves 
from one place to another. 

Velocity is independent of the weight or magnitude of the 
moving body. Thus, a cannon-ball and a musket-ball, both 
llying at the rate of a thousand feet in a second, have the same 
velocities. 

156. What is that power called which puts a body in motion ? 157. How is motion 
divided 1 158. What is absolute motion 1 159. What is relative motion 1 160. What 
is tlie earth's relative velocity in respect to Mars ? 161. What is rest 1 162. In what 
respect is a man in a steamboat at rest, and in what respect does he movel 
163. What is velocity ? 
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164. Velocity is said to be uniform^ when the moving body 
passes over equal spaces in equal times. If a steamboat moves 
at the rate of ten miles every hour, her velocity is oniform. * The 
revolution of the earth from west to east is a perpetual exam- 
ple of uniform motion. 

165. Velocity is accelerated, when the rate of motion is in- 
creased, and the moving body passes through unequal spaces in 
equal times. Thus, when a idling body moves sixteen foet 
during the first second, and forty-eight feet during the next 
second, and so on, its velocity is accelerated. A body felling 
from a height freely through the air, is the most perfect exam- 
ple of this kind of velocity. 

166. Retarded velocity, is when the rate of motion c^ the 
body is constantly decreased, and it is made to move slower 
and slower. A ball thrown upward into the air, has its veloci- 
ty constantly retarded by the attraction of gravitation, and con- 
sequently, it moves slower every moment. (137.) 
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167. Objects moving : — 

Man walking, 

Horse trotting, 

Swiftest race4iorse, 

Railway train, (En^i^lish) . . . 

(American) . . . 

(Belgian) . . . 

(French) . . . 

(Grerman) . . . 
Swift English steamers, . . . 
American steamers on the Hadson, 
Fast sailing vessels, . . . 

Current of slow rivers, . . . 

" of rapid rivers, . . . 
Moderate wind, . . . 

A storm, with wind, . . . 

A hurricane, in hot climates, . . 
Air rushing into a vacuum, . . 
Common musket-ball, . . 

A rifle -ball, . . . 

A 24-lb. cannon-ball, . . . 

A bullet from an air-gun, . . . 
Sound, heat at 32^, . . . 

" do at 60°, . . . 

Earth's velocity round the sun, 

diurnsd motion at equator, 



u 



Miles per 


Fbetper 


boor. 


Koond. 


3 . . 


44 


7 . . 


101 


60 . < 


88 


32 . . 


47 


18 . . 


26 


25 . . 


86 


27 . . 


40 


24 . , 


35 


14 . , 


20 


18 . . 


26 


10 . , 


14 


3 . . 


4| 


7 . . 


10 


7 . . 


10 


36 . . 


52 


80 . . 


117 


884 . . 


. 1296 


850 . 


. 1246 


1000 . , 


1466 


1600 . . 


. 2346 


466 . . 


683 


748 . . 


. 1090 


762 . . 


, 1118 


67,374 . . 


98,815 


1037 . . 


1520 



164. When is velocity uniform f 165. When is velocity accelerated 1 Give llhis. 
trations of these two kinds of velocity. 166. What is meant by retarded velocity t 
Give an example of retarded velocity. 



MOMENTUM. 89 

168. The above, from Lardner^s Mechanics, may be useful for 
occasional reference. We have omitted the fractional parts with 
respect to the seconds, as being difficult to remember, and 
useless for the present purpose. In regard to American loco- 
motive speed, it is at the present time probably nearly one-third 
too small. The comparative Velocities of balls from fire-arms 
differ from those given by some other authorities, but on this 
subject we have made no experiments. 

FORCE, OR MOMENTUM OF MOVING BODIES. 

169. The velocities of bodies are equals when they pass over 
equal spaces tn the same times ; hut the force with which bodies, 
moving at the same rate, overcome impediments, is in propor- 
tion to the quantity of matter they contain. This power, or 
force, is called the mom,entum of the moving body. 

170. Thus, if two bodies of the same weight move with the 
same velocity, their momenta will be equal. 

171. Two vessels, each of a hundred tons, sailing at the rate 
of six miles an hour, would overcome the same impediments or 
be stopped by the same obstructions. Their momenta would 
therefore be the same. 

The force or momentum of a moving body, is in proportion 
to its quantity of matter, and its velocity. 

172. A large body moving slowly, may have less momenta 
than a small one moving rapidly. Thus, a bullet shot out of a 
gun, moves with much greater force than a stone thrown by the 
hand. 

173. The momentum of a body is found by multiplying its 
quantity of matter by its velocity per second. Thus, if the 
velocity be 2, and the weight 2, the momentum will be 4. If 
the velocity be 6, and the weight of the body 4, the momentum 
will be 24. 

174. K a moving body strikes an impediment, the force with 
which it strikes, and the resistance of the impediment, are equal. 
Thus, if a boy throw lus ball against the side of the house, with 
the force of 3, the house resists it with an equal force, and the 
ball rebounds. If he throws it against a pane of glass with the 
same force, the glass having only the power of 2 to resist, the ball 
will go through the glass, still retaining one-third of its force. 4- 

168. What is said of the >pe«d of oor locomotive 1 169. What ia meant by the 
momentum of a body 1 170. When will the momentum of two bodies be equal 1 
171. Give an example. 172. When has a small bodv a greater momentum than a 
laxireonel 173 By what rule is the momentum or a body found 1 174. When a 
moving body stiikeaan impediment, which reeeivM the greatest shock 1 
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176. PiLB Dbivbr. — This tnachiae conuaU of a frsme md 
pulley, by wliich a largo piece of Mst iron, called tte hanmrr, 
IB rased to the height of 30 or 40 feet, and then let fell on the 
end of a beam of wood called a pile, and by which it is dri\-en 
into the gronnd. When the hammer is large, and the height 
considerable, the foroe, or momentum, is tremendons, and nnlen 
ths pile 18 hooped witli iron, will split it into fragmentB. 

176. Now the momentum of a body being m proportion to 
itf) weight and velocity conjointly, to &id it, we must mnltiiJy 
their two euma togetlier. 

Suppose then Uie Iiammer, weighing 2000 pounds, is ele- 
vated two seconds of time above the nead of the pile, then, 
(tccordin;; to the law of &Iling bodies, (IIO,)it wonld fall 64 feet, 
this being the rate of its velodty. Then 64x2000, being the 
velocity and quantity of mattei-, gives 64 tons as the momen- 
tum. But according to tlie same law, this force is immensely 
increased by a, small increase of time, for if we add two seconds 
of time, the rote of velocity at the instant of striking would be 
266 feet per second, and thus 256 X 
250 tons. 

/ 177. Action and Reaction 
EQUAL. — From observatitms 
made on Oie vffcel* of bodies 
ttrikiii0 each oilier, it i* found 
that action and reaelion are 
equal ; or, in oilier ieordf, that 
force and reuslance are equal. 
Thus, when a moving body 
ttrikeg one that il at rest, the 
bodi/ al rest returns the blow 
wilh equal force. 

This is illustrated by the 
well-known fiict, that if two 
persons strike their beads to- 
gether, one being in motion, 
and the other at rest, tlicy are 

both equillly hurt aeaim ma tteacaim. 

178. The philosophy of ac- 
tion and reaction is finely illustrated by a number of ivoir 
balls, susimiidod by threads, as in Fiff. 15, so as to touch eaii 
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other. If the ball a be drawn from the perpendicular, and then 
let fall, so as to strike the one next to it, the motion of the falling 
ball will be communicated through the whole series, from one to 
the other. None of the balls except /, will, however, appear to 
move. This will be understood, when we consider that the reac- 
tion of & is just equal to the action of a, and that each of the 
other balls, in hke manner, act, and react, on the other, until 
the motion of a arrives at /, which, having no impediment, or 
nothing to act upon, is itself put in motion. It is therefore, 
reaction, which causes all the balls, except/, to remain at rest. 

1 80. It is by a modification of the same principle, that rock- 
ets are impelled through the air. The stream of expanded air, 
or the fire, which is emitted from the lower end of the rocket, 
not only pushes against the rocket itself^ but against the atmos- 
pheric air, which, reacting against the air so expanded, sends 
the rocket along. 

181. It was on account of not understanding the principles 
of action and reaction, that the man undertook to make a iaxr 
wind for his pleasure-boat, to be used whenever he wished to 
sail. He fixed an immense bellows in the stem of his boat, not 
doubting that the wind from it would carry him along. But 
on making the experiment, he found that his boat went back- 
ward instead of forward. The reason is plain. The reaction 
of the atmosphere on the stream of wind from the bellows, 
before it reached the sail, moved the boat in a contrary direction. 

182. Had the sail received the whole force of the wind from 
the bellows, the boat would not have moved at all, for then, 
action and reaction would have been exactly equal, and it would 
have been Hke a man's attempting to raise himself over a fence 
by the straps of his boots. 

U 

KKFLKCTED MOTION. 

183. It has been stated (27) that all bodies when once set in 
motion, voould continue to move straight forward^ until some 
impediment, acting in a contrary direction, should bring them 
to rest ; continued motion without impediment being a conse- 
quence of the inertia of matter. 

184. Such bodies are supposed to be acted upon by a single 
force, and that in the direction of the line in which they move. 

179. When one of the ivory balls strikes the other, "why does the most distant one only 
movel 180. On what principle are rockets impelled through the air? 181. In the 
experiment with the boat and bellows, why did the boat move backward 7 182. 
Why woaid it not have moved at all bad the sail received all the wind from the bel- 
k>wi 1 183. What is said of the eontinaity of motion 1 
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Thus, a ball sent out of a gun, or struck by a bat, tarns ndther 
to the right nor left, but makes a curve toward the earth, in 
consequence of another force, which is the attraction of gravitft' 
tion, and by which, together with the resistanoe of the atmos- 
phere, it is finally brought to the ground. 

The kind of motion now to be considered, is that which is 
produced when bodies are turned out of a straight line by some 
force, independent of gravity. 

A single force, or impulse, sends the body Erectly forward, 
but another force, not exactly coinciding with this, will give it 
a new direction, and bend it out of its former course. 

185. If, for instance, two moving bodies strike each other 
obliquely, they will both be thrown out of the line of their for- 
mer direction. This is called reflected motion, because it 
observes the same laws as reflected light 

186. The bounding of a ball ; the skipping of a stone over 
the smooth surface of a pond ; and the oblique direction of an 
apple, when it touches a limb in its foil, are examples <^ reflected 
motion. 

By experiments on this kind of motion, it is found that mov- 
ing bodies observe certain laws, in respect to the direction they 
take in rebounding from any impediment they happen to strike. 

187. Thus, a ball, striking on the floor, or wall of a room, 
makes the same angle in leaving the point where it strikes, that 
it does in approaching it. 

188. Suppose a, b, W®- ^ 

Fig, 16, to be a mar- %^ j^ 

ble floor, and c, to be ^^^^^ .^^^^ 

an ivory ball, which 




has been thrown to- 
ward the floor in the 

direction of the line B^eeted Motion, 

c e; it will rebound 

in the direction of the line e d, thus making the two angles/ 

and ff exactly equal. 

189. If the ball approaches the floor under a larger or 
smaller angle, its rebound will observe the same rule. Thus, 
if it fell in the line h Ar, Fig, 17, its rebound would be in the line 



184. Suppose a body is acted on, and set in motion bv a single force, in what diree* 
tion will It move 1 185. What is the motion called, when a Dody is turned out of a 
straight line by another force 1 186. What illustrations can you give of reflected 
motion 1 What laws are observed in reflected motion? 187. Suppose a ball to be 
thrown on the floor in a certain direction, what rule will it observe in rebouadtaf 1 
18& Explain Fig 15. 
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k t, and if it was drop- fig. 17. 

ped perpendicularly 

from / to )Er, it would 

return in the same line 

to I. The angle which 

the ball makes with 

the perpendicular line, 

I k, in its approach to 

the Hoor, is called the 

an^le of incidence, and 

that which it makes 

in departing from the 

floor with 9ie same line, is called the angle of reflection^ and 

these angles are always equal. 




Hqual Anglea. 
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100. Compound motion is that which is produced hy two or 
more f(yrces, acting in different directions, on the same body, at 
the same time. This will be readily understood by a diagram. 

191. Suppose the ball 
a, Fig, 18, to be moving ^*^- ^ 

-with a certain velocity in 
the Hne h c, and suppose 
that at the instant when it 
came to the point a, it 
should be struck with an 
equal force in the direction 
of d e, then, as it can not 
obey the direction of both 
these forces, it will take a 
coarse between them, and 
fly off in the direction of/. 

The reason of this 
is plain. The first force 
would carry the ball from 
b to c ; the second would carry it from d U> e ; and these two 
forces being equal, gives it a direction just half way between the 
two, and therefore it is sent toward /. 

The line a /, is called the diagonal of the square, and 

189. What is f he ancle ealled, which the hall makes in approaching the floor 1 
What ifl the angle ealled, which it malcea in leaving the floor 1 What is the difTerence 
between these angles 1 190. What is eompoond motion 1 191. Suppose a ball, mov- 
ioff with a certain force, to be atruck croeBWise with the aame force, in what direc- 
tion will it move T 




Ckmpound Motion, 
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results from the cross forces, b and d, being equal to each othor. 
If one of the moving forces is greater than the other, then the 
diagonal line will be lengthened in the direction of the greater 
force, and instead of being the diagonal of a square, it ynH 
become that of a parallelogram. 

192. Suppose the force 

in the direction of a 6, ****• ^ 

should drive the ball with 
twice the velocity of the 
cross force c d, Mg. 19, 
then the ball would go 
twice as far from the line 
c dj as from the line b a, 
and c/ would be the diag- 
onal of a parallelogram 
whose length is double its 

breadth. Diagmua Matiem, 

193. Suppose a boat, in 

crossing a nver, is rowed forward at the rate of four miles an 
hour, and the current of the river is at the same rate, then the 
two cross forces will be equal, and the line of the boat will be 
the diagonal of a square, as in Fiff, 18. But if the current be 
four miles an hour, and the progress of the boat forward only 
two miles an hour, then the boat will go down stream twice as 
fast as she goes across the river, and her path will be the diago- 
nal of a parallelogram, as in Fiff. 19, and therefore, to make the 
boat pass directly across the stream, it must be rowed toward 
some point higher up the river than the landing-place ; a fiict 
well known to boatmen. 

194. Circus Rider. — ^Those who have seen feats of horse- 
manship at the drcus, are often surprised that when the man 
leaps directly upward, the horse does not pasis from under him, 
and that in descending he does not fall behind the animal 
But it should be considered that, on leaving the saddle, the 
body of the rider has the same velocity as that of the horse; 
nor does his leaving the horse by jumping upward, in any 
degree diminish his velocity in the same direction ; hk motion 
being continued by the impulse he had gained fit)m the animal 
In this case, the body of the man describes the diagonal of a 
parallelogram, one side of which is in the direction of the horse's 

192. Suppose it to be struck with twice its former force, in wh At direction will It 
move? What is the line af Fig. 18, called 1 What is the line e/, Fig. 19, calkd. 
How are these fifrures illustrated 1 Explain Figs. 18 and 19. 193. Explain the motkmtC 
the boat 1 Why does the leaping circus rider form the diagonal of a paraUelognml 
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motion, and the other perpendicularly upward, i 
in which he makes the leap. 

105. Thiswillbe 
better understood 
hy Fig. 20, where 
the two forces are 
illiistrat«d. E[ad 
the rider remained 
on the horse, he 
would have reached 
that point, where he 
meets him afl«r the 
leap over the iron 

bar, under which the animal passes. This force the rider gains 
from the horse. The diagonal force is the reault of his own 
muscular exertion, and by which he raises himself above the 
bar, still retiuning in his leap the velocity of the horse, and thus 
r^^ns the saddle, as though he had not left it. 

The motion of the rider is through the section of a sphere, as 
shown by the figure, where the horea and rider are shown before 
and after the leap. > 




196, Circular motion is that of a body m a ring, or dreU, 
and is produced by ike action of two fOnx». By vM of these 
Jitreei, the foomng body tends to fiy off ia h straight line, tehiU 
by the other it is drawn toward the cotter, and thus it is made 
to revolve, or move round in a circle. 

107. The force by which a body tends to go offinastr^ght 
line, is called the centrifugal force ; that which keeps it from 
fij-ing away, and draws it toward the center, is called the cen- 
tripetal force. 

198, Bodies moving in drcles are constantly acted upon by 
these two forces. If the centrifiigal force should cease, the 
moving body would no longer perform a circle, but would 
approach the center of ita own motion. If the centripetal force 
should cease, the body would instantly begin to move off in a 
strwght line, this bemr, as we have esp^ued, the direction 
wliii^ all bodies take i^en acted on by a dngle force. 
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100. Suppose a caDnon-ball, 
JFig. 21, tied with a string to 
the center of a slab of smooth 
marble, and suppose an at- 
tempt be made to push this 
ball with the hand in the di- 
rection of b ; it is obvious that 
the strinfi: would prevent its 
going to t£at point ; but would 
keep it in the circle. In this 
case the string is the centripe- 
tal force. 

200. Now suppose the ball 
to be kept revolving with ra- 
pidity, its velocity and weight 
would cause its centrifugal 
force ; and if the string were cut, when the ball was at the 
point r, for instance, this force would carry it oflf in the line 
toward b. 

The greater the velocity with which a body moves round in 
a circle, the greater will be the force with which it would tend 
to fly off in a right line. 

Thus, when one wishes to sling a stone to the greatest dis- 
tance, he makes it whirl round with the greatest poenble 
rapidity, before he lets it go. ]3efore the invention oi other 
warlike instruments, soldiers threw stones in this maoner, with 
great force and dreadful effects. 

201. The line about which a body revolves, is called its axii 
of motion. The point round which it turns, or on which it 
rests, is called the center of motion. In Fig. 21, the point c/, to 
which the string is fixed, is the center of motion. In the spin? 
ning-top, a line through the center of the handle to the point 
on which it turns, is the axis of motion. 

In the revolution of a wheel, that part which is at the greatest 
distance from the axis of motion, has the greatest velodty, and, 
consequently, the greatest centrijfiigal force. 

202. Suppose the wheel. Fig. 22, to revolve a certain number 
of times in a minute, the velocity of the end of the arm at the 
point a, would be as much greater than its middle at the 
point 6, as its distance is greater from the axis of motion, because 



/; ( 



199. What constitutes the centrifiisral force of the body moving round to ■ eircltt 
200. How is this illustrated 1 201. What is the axis of motion? What is theeeMer 
of motion 7 Give ilhistrationa? 202. What part of a revolving wheel has tbe { 
est centrifugal force 7 
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it moves in a larger circle, and ''O- ^ 

consequently the centrifugal 
force of the rim c, would, in like 
manner, be as its distance from 
the center of motion. 

203. Large wheels, which are 
designed to turn with great ve- 
locity, must, therefore, be made 
with corresponding strength, 
otherwise the centrifugal force 
will overcome the cohesive attrac- 
tion, or the strength of the fast- 
enings, in which case the wheel 
will fly in pieces. This some- 
times happens to the large grindstones used in gun &ctories, 
and the stone either flies away piecemeal, or breads in the mid- 
dle, to the great danger of the workmen. ' [, 

204. Were the diurnal velocity of the earth about seventeen 
times greater than it is, those parts at the greatest distance from 
its axis would begin to fly off in straight Hues, as the water does 
from a grindstone when it is turned rapidly. 




Revolving Wheel. 
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FIG. 23. 



206. The center of gravity^ in any body or system ofhodieSy 
is that point upon which the body, or system of bodies, acted 
upon only by gravity, will balance itself in all positions. 

206. The center of gravity, in a 
wheel made entirely of wood, and of 
equal thickness, would be exactly in 
its center of motion. But if one side 
<^ ihe wheel were made of iron, and 
the other part of wood, its center of 
gravity would be changed to some 
point, aside from the center of the 
wheel 

207. Thus, the center of gravity 
in the wooden wheel, I^g. 23, is at 
the axis on which it turns ; but were 
the arm a, of iron, its center of mo- 




Center of Gravity. 



. Why matt large wheels, turning with great velocity, be strongly made 1 204. 

'vould be the conseqaence, were the velocity of the earth seventeen times 
■•^litisl 206. Where it the center of gravity in a body? 206. Where is 
tf gravity in a wheel made of wood ? If one side is made of wood, and the 
»o, wbert is the csnter ? 9tff. Is the center of motion and of gravitr 
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tion and of gravity would no longer be the same, bat while liie 
center of motion remained as before, the center of gravity would 
fall to the point a. Thus the center of motion and of gravity, 
though often at the same point, are not always so^ 

When a body is shaped irregularly, or there are two or more 
bodies connected, the center of gravity is the point on whidi 
they will balance without &lling. 



FiQ. ai. 



FIG. 9& 







208. If the two balls A and 6, Fig, 24, weigh each Ibnr 
pounds, the center of gravity will be a point on the bar equally 
distant from each. 

But if one of the balls be heavier than the other, then the 
center of gravity will, in proportion, approach the larger ball 
Thus, in Fig. 25, if C weighs two pounds, and D eight pounds, 
this center will be four times the distance from C that it is 
from D. 

209. In a body of equal thickness, as a board, or a dab of 
marble, but otherwise of an irregular shape, the Q^nter of gravity 
may be found by suspending it, first from one point, and then 
from another, and marking, by means of a plumb-line, the per^ 
pendicular ranges from the point of suspension. The center of 
gravity will be the point where these two lines cross each other. 



FIO. 26. 



FIG. 27. 



FIG. aSL 






Finding the Center of Oraieity. 



Thus, if tJie in*egular shaped piece of board, Fig, 26, be sus- 
pended by making a hole through it at the point A, and at the 



208. When two bodies are connected, as by a bar between themf where is thet 
ter of gravity 7 209. In a board of irregular shape, by what method ia the centorof 
gravity found 1 
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same point suspending the plumb-line C, both board and line 
will hang in the position represented in the figure. Having 
marked this line across the board, let it be suspended again in 
the position of Fig. 27, and the perpendicular line again marked. 
The point where these lines cross, is the center of gravity, as 
seen by Fig, 28. 

210. Importance of the subject. — It is often of great conse- 
quence, in the concerns of life, that the subject of gravity should 
be well considered, since the strength of buildings, and of ma- 
chinery, often depends chiefly on the gravitating point. 

Common experience teaches, that a tall object, with a nar- 
row base, or foundation, is easily overturned; but common 
experience does not teach the reason, for it is only by under- 
stsmding principles, that practice improves experiment. 

211. An upright object will fall to the ground, when it leans 
so much that a perpendicular line from its center of gravity falls 
beyond its base. A tall chimney, therefore, with a narrow 
foundation, such as are commonly built at the present day, will 
fall with a very slight inclination. 

212. Now, in falling, the center of gravity passes through 
the part of a circle, the center of which is at the extremity of 
the base on which the body stands. This will be comprehended 
by Fig. 29. 

Suppose the figure fig. 29. fig. 3o. 

to be a block of mar- 
ble, which is to be 
turned over, by Uft- 
ing at the corner A, 
the corner B would 
be the center of its 
motion, or the point 

on which it would turn. The center of gravity, C, would, there- 
fore, describe the part of a circle, of which the comer, B, is the 
center. 

213. It will be found that the greatest difficulty in turning 
over a square block of marble, is in first raising up the center 
of gravity, for the resistance will constantly become less, in pro- 
portion as the point approaches a perpendicular line over the 
comer B, which, having passed, it will fall by its own gravity. 




210. Why is finding the center of gravity of importance 1 211. In what direction 
muaC the center of gravity be from tlie outside of the base, before the object will falll 
212L In &Ulng, the center of gravity passes through part of a circle : where is the cen> 
ter of thte circle ? 213. In turning over a body wny does the force required con 
ftantly becomt less and less 1 

3 



The difficulty in turning over a body of particular fbrm, will 
be more strikingly illustrated by the figure of a triangle, or low 
pyramid. 

214. IrxFiff. 30, the center of gravity is bo low, and the hue 
BO broad, that in turning it over, a great proportioB <^ its whole 
wdght must be raised. Hence we see the firmaeBB of th« pyra- 
mid in theory, and experience proveB its truth ; for building an 
found to withstand the effects of Idmo, and the commotioiu o( 
earthquakes, in proportion as they approach this figure. 

The most ancient monuments of the art of bujl^^ now 
standing, the pyramids of Egypt, are of this form. 

215. Movement of a Ball. — When a ball is rolled on a hori- 
zontal plane, the center of gravity is not raised, but moree in a 
straight line, parallel to the surface of the plane on which it 
rolls, and is consequently always durectiy over its center of 
motion. 

216. Suppose, Fiff. 31, A is the no n 
plane on which the ball moves, B ^--^ "'^ 
the hneon which the center of grav 

ity moves, and C a plumb-line, ^ow 

ing that the center of gravity must ~ "* '' 

always be over the center of motion, \ I ^ 

when the ball moves on a horizontal ^-^^s^^ 

plane — then we shall see the reason 
why a ball moving on such a plane, 
will rest with equal firmness in any 
position, and why so little force is required to set it m motion 
For in no other figure does the center of gravity deacnhe a 
horizontal line over that of motion, m whatever direction tbe 
body is moved. 

217. If the plane is inclined downward, the ball ib mstantly 
thrown into motion, because tbe center of gravity then falls for- 
ward of that of motion, or the point on which the ball rests. 

218. This is esplained by Fig. 32, where A is the point on 
which the ball rests, or the center of motion, B the perpendicnlw 
line irom the center of gravity, as shown by the plumb-weight C. 

219. If the plane is incliTied upward, force is required to 
move the ball in that direction, because the center of gravity 

S14. Why is thin lea fpmt reguircd la nverlarn a rube, or muue. Ihan ■ pjr»- 
Dild of the eame weighl I 215. When k ball is rolled un a horiiontil pUne. In wlut 
direcMoii don the ceiirer of fnvny moie ^ Ei;.|ain Fig 31. sm. VfHy dixa ■ liiU 

force 1°'!Jl7? If i^ep'aHB tXclined^downward, »S does l£ete"l'rolno'lbi[ dine- 
lion I 218. Explain Flf. 32. 219. Why la force required to mora a baU op w Is- 
cJned plana 1 
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then falls behind that of motion, and "®- ^^^ 

therefore this point has to be constantly 
lifted. This is also shown by Fig, 32, 
only considering the ball to be moving 
up the inclined plane, instead of down it. 
From these principles, it will be read- 
ily understood why so much force is 
required to roll a heavy body, as a 
hogshead of sugar, for instance, up an 
inclined plane. The center of gravity 
falling behind that of motion, the weight 
is constantly acting against the force employed to raise the 
body. 

220. IlltLStration hy Blocks. — One of the best illustrations of 
this subject may be made by a number of square blocks of wood, 
placed on each other, as in Fig, 33, forming a 

leaning tower. Where five blocks are placed 
in this position, the point of gravity is near the 
center of the third block, and is within the 
base, as shown by the plumb-line. But on 
adding another block, the gravitating point 
falls beyond the base, and the whole will now 
fall by its own weight. 

221. The student having such blocks, (and 
they may be picked up about any joiner's 
shop,) will convince himself^ that however care- 
fully his leaning tower is laid up, it will not 
stand when the center of gravity falls an inch 
or two beyond the support 

222. We may learn, from these compari- 
sons, that it is more dangerous to ride in a 
high carriage than a low one, in proportion to 
the elevation of the vehicle, and the nearness 

of the wheels to each other, or in proportion to the narrowness 
of the base, and the height of the center of gravity. A load of 
hay, Fig, 84, upsets where one "wheel rises but little above the 
other, because it is broader on the top than the distance of the 
wheels from each other ; while a load of stone is very rarely 
turned over, because the center of gravity is near the earth, and 
its weight between the wheels, instead of being far above them. 




Leaning Tknoer. 



220. Why ia a body, shaped like Fig. 33, easily thrown down 1 Hence, in riding 
in a carriage, how is the danger of upsetting proportioned 1 Explain Fig. 33. 221. 
How may the point of gravity be found by means of a number of square blocks? 
222. Why will a load ofnay upset more readily than one of stone? 
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223. Centrr of gravity in man. — 
III mall the center of gravity is be- 
tween tlie liips, niid Iicnce, were his 
feet Ucd together, and liia anna tied 
to his ndeA, a ver; slight incliDation 
of his body would carry the perpea- 
dicolar of his center of grariw be- 
yond the base, and he would &1I. 
But when his limbs are free to move, 
he widens his base, and changes this 
center at pleasure, by throwing out 
his anns, as circumstances require. 

When a man runs, he inclines for- 
ward, so that the center of gravity 
may hang before bis base, and in 
this position he is oblif;cd to keep his feet constantly adrandng, 
otherwise ho would fall forward. 

A man standing on one foot, can not throw his body forward 
without, at tho same time, throwing his other Coot backwanl, in 
order to keep the center of gravity within the base. 

224. A man, therefore, standing with his heels iwainat a per- 
pendicular wall, can not stoop forward without £EJlinv, became 
the wall ]irevcnta his throwing any part of bis body backward. 
A person, little versed in such thmgs, agreed to pay a cerbiin 
sum of money for an optKirtumty of poasessing himself of double 
tho sum, by taking it from the floor with his heels against ^le 
wail. The man, of course, lost his money, for in such a posture, 
one can hardly reach lower than his own knee. 

225. The base on which a man is supported, in walking <x 
standing, is his feet, and the space between them. By turning 
tho toes out, this base is made broader, without taking much 
from its length, and hence persons who turn their toes outward, 
not only walk more firmly, but more graccfiilly, than those who 
turn them inward. 

226. In consequence of the upright position of man, lie k 
constantly obliged to employ some exertion to keep his balance. 
This seems to be the reason why children learo to walk with so 
much ditBcuity ; for after they have strength to stand, it re- 
quires considerable experience so to balance the body as to set 
one foot before the other without falling. 
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227. By experience in the art of balancing, or of keeping the 
center of gravity in a line over the base, men sometimes perform 
things that, at firat sight, appear al(*^ther beyond human 
power, Bucb as dining with the table and chair standing on a 
single rope, dancing on a wire, &c. 

22B. IlluslTali<m, by Trees. — -No form, under which matter 
exists, eecapes the general law of gravity, and hence vegetables, 
as well as animals, are formed with reference to the position of 
this center, in respect to the base. 

It is interesting, in reference to this circumstance, to observe 
how exactly the tall trees of the forest conform to this law. 

The pine, which grows s. hundred feet high, shooK up with 
as much exactness, with respect to keeping its center of gravity 
within the base, as though it had been directed by the plumb- 
line of a master builder. Ila Umbs toward the top are sent off 
in conformity to the same law ; each one growing in respect to 
the other, so ai to preserve a duo balance i^etween the wnole. 

229. Sheprbrds of Landes.— Men, as already noticed, by 
practica in the art of balancing. 



Tbe 



perform feats which 
derfiil to all beholders, 
shepherds of Landes, in the 
south of France, are perhaps 
the only people who apply this 
art to the common business of 
life. These men walk on stilts 
from four to five feet high ; and 
their children, when quite 
young, who are iatended to 
take the places of their fathers 
aa shepherds, are taught this 
art in order to qualify uiem for 
hannees. 

To strangers, passing their 
district, these men cut a figure 
at once ludicrous and surpris- 
ing. Fig. 35. But it b for 
their own convenience that tliis 
singular custom has been adopt- 
ed, for by this means tie feet 
are kept out of the water which 




Shepherd t^ Landem. 
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covers their land in the winter, and from the heated sand in the 
summer. Besides these comforts, the sphere of vision over a 
flat country is materially increased by the elevation, ao that the 
shepherd can see his flock at a much greater distance than from 
Uie ground. 

By habit, it is said these men acquire the art of balancing 
themselves so perfectly as to run, jump, and dance on these 
stilts with perfect ease. They walk with surpiisinff qnicknefiB, 
so that footmen have to do their best to Iteep up with them. 

CENTER OF INERTIA, OR INACnVnT. 

230. It will he remembered that inertia (22) is one of the 
inherent, or essential properties of matter j ana that it is in con- 
sequence of this property, when bodies are at rest, that they never 
move without the application of force, and when once in motion, 
that they never cease moving without some external cause. (27.) 

231. Now, inertia, though like gravity, it resides equally in 
every particle of matter, must have, like it, a center in each par- 
ticular body, and this center is the same with that of gravi^. 

232. In a bar of iron, six feet long and two inches squarei 
this center is just three feet from each end, or exactly in the 
middle. If, therefore, the bar is supported at this point, it will 
balance equally, and because there are equal weignts on both 
ends, it will not fall. 

Now suppose a bar should be raised by raising up the center 
of gravity, then the inertia of all its parts would be overcome 
equally with that of the middle. The center of gravity ifl^ 
therefore, the center of inertia. 

233. But, suppose pjg gg 
the same bar of iron, 
whose inertia was over- 
come by raising the 
center, to have balls of 

different weights at- Cmter of htertia, 

tached to its ends; 

then the center of inertia would no longer remain in the middle 
of the bar, but would bo changed to the point A, Jf'ig. 36, so 
that, to lift the whole, this point must be raised, instead of the 
middle, as before. ^ 



230. What effect does inertia exert on bodies at rest 1 What effect does it hare or 
bodies in motion ? 231. Is the center of inertia, and that of gravity, the samel 2SSL 
Where is the center of inertia in a body, or a system of bodies 1 233. Why it til* 
point of inertia changed, by fucing different weights to the ends of tlie iron bar 1 
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FIG. 3r. 



234. When two forces counteract^ or balance each other ^ they 
are said to he in equilibrium. 

235. It is not necessary for this purpose that the weights 
opposed to each other should be equally heavy, for we have 
just seen that a small weight, placed at a distance from the 
center of inertia, will balance a large one placed near it. To 
produce equilibrium, it is only necessary diat the weights on 
each side of the support should mutually counteract each other, 
or if set in motion, that their momenta should be equal. 

236. A pair of scales are in equihbrium when the beam is 
in a horizontal position. 

To produce equilibrium in solid bodies, therefore, it is only 
necessary to support the center of inertia, or gravity, 

237. If a body, or sev- 
eral bodies, connected, be 
suspended by a string, as 
in Mff, 37, the point of 
support is always in a per- 
pendicular line above the 
center of inertia. The 
plumb-line, D, cuts the bar 
connecting the two balls at* 
this point. Were the two 
weights in this figure equal, 
it is evident that the hook, 
or point of support, must 
be in the middle of the string, to preserve the horizontal 
position. 

238. When a man stands on his right foot, he keeps himself 
in eqidlibrium, by leaning to the right, so as to bring his center 
of gravity in a perpendicular line over the foot on which he 
staods. 




Equilibrium. 



CURYIUNEAR, OR BENT MOTION. 



239. We have seen that a single force acting on a body, (183,) 
drives it straight forward, and that two forces acting crosswise, 
drive it midway between the two, or give it a diagonal direc- 
tum, (190.) 



234. What it meant by equilibrium 1 235. To produce equilibrium, must the 
weights be equal 1 236. When is a pair of scales in equilibrium 1 237. When a body 
it tonpended oy a string, where must the support be with respect to the point of in* 
ertla f 239. Wliat is meant by curvilinear motion 1 
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Curvilinear motion diflfors from both these ; the direction of 
the body being neither straight forward nor diagonal, but throiigfa 
a line which is curved. 

This kind of motion may be in any direction ; but when it is 
produced in part by gravity, its direction is always toward the 
earth. 

239. A stream of water from an aperture in the side of a 
vessel, as it falls toward the ground, is an example of a curved 
line ; and a body passing through such a Une, is said to have 
curvilinear motion. Any body projected ibrward, as a cannon- 
ball, or rocket, falls to the eartli in a curved line. 

240. It is the action of gravity acioss the course of the stream, 
or the path of the ball, that bends it downward and makes it 
form a curve. The motion is, therefore, the result of two forces, 
that of projection, and that of gravity. 

241. In jets of watery the shape of the curve will depend on 
the velocity of the stream. When the pressure of the water is 
ereat, the stream, near the vessel, is nearly horizontal, because 
its velocity is in proportion to the pressure. When a ball first 
leaves the cannon, it describes but a slight curve, because its 
projectile velocity is then greatest, 

242. Tlie curves described by jets of water under different 
degrees of pressure, are readily illustrated by tapping a tali 
vessel in several places, one above the other. 

243. The action of gravity being always the same, the shape 
of the curve described must depend on the velocity of the mov- 
ing body ; but whether the projectile force be great or small, 
the moving body, if thrown horizontally, will reach the ground 
from the same height in the same time. 

This, at first thought, would seem improbable ; for, without 
consideration, most persons would assert, that, if two cannons 
were fired from the same spot at the same instant, and in the same 
direction, one of the balls falling half a mile, and the other a 
mile distant, that the ball Avhich went to the greatest distance 
would take the most time in performing its journey. 

244. But it must bo remembered, that the projectile force 
does not in the least interfere with the force of gravity. A ball 



239. What are examples of this kind of motion? 24.0. What two forces produce 
this motion 7 241. On what does the shape of the curve depend 1 212. How are the 
curves described by jets of water illustrated ? 243. What difference is there in re- 
spect to the time taken by a body to reach the ground, whether the curve be great or 
small 7 214. Why do bo<lies, forming ditft rent curves from the Fame height, reach 
the ground at the same time 1 Suppose two balls, one flying at the rate of a thousand, 
and the other at the rate of a huuared fttt per second, which would descend 
during the second l 
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flying horizontally, at the rate of a thousand feet per second, is 
attracted downward with precisely the same force as one flying 
only a hundred feet per second, and must, therefore, descend 
the same distance in the same time. 

245. The distance to which a ball will go, depends on the 
force of impulse given it the first instant, and, consequently, on 
its projectile velocity. K it moves slowly, the distance will be 
short; if more rapidly, the space passed over will bo greater. 
It makes no difference, then, in respect to the descent of the 
ball, whether its projectile motion be fast or slow, or whether it 
moves forward at all. 

246. Falling of Cannon Balls, — This may be shown by ex- 
periment. Suppose a cannon to bo loaded with a ball, and 
placed on the top of a tower, at such a height from the groimd, 
that it would take just four seconds for the ball to descend from 
it to the ground, if let fall perpendicularly. Now, suppose the 
cannon to be fired in an exact horizontal direction, and, at the 
same instant, the ball to be dropped toward the ground. They 
will both reach the ground at the same instant, provided its 
surface be a horizontal plane from the foot of the tower to the 
place where the projected ball strikes. 

247. Demonstration. — This is demonstrated by Fig. 38, where 
A is the cannon from which the ball is to be fired, a the ver- 
tical line of the descending ball. A, B, 1, a, the parallelogram 
through which the ball passes during the first second. 

Now the ball dropped in the vertical direction, will descend 
16 feet the first second, increasing its velocity according to the 
law of falling bodies already explained. Meantime me pro- 
jected ball passing through the diagonal of the upper parallelo- 
gram, will arrive at 1, while the other falls to a. During the 
next second the vertical ball will fall to 6, while the other, in 
consequence of its projectile force, will pass through the diago- 
nal of the parallelogram 6, 2, C, A. 

The same laws of descent being continued, it is obvious, that 
the two balls will reach d^ 4 at the same instant. 

248. From these principles it may be inferred, that the hor- 
izontal motion of a body through the air, does not interfere 
with its gravitating motion toward the earth, and, therefore, 

245. Does it make any difference in respect to the descent of the bail, whether it 
has a projectile motion or not 1 246. Suppose, then, one ball be fired from a cannon, 
and another let fall from the same height at the same instant, would they both reach 
the groQud at the same time 1 247. Explain Fig. 38, showing the reason why the 
two balls will reach the ground at the same time. Why does the ball approach the 
earth more rapidly in the last part of the curve than in the first parti 218. What if 
tht inference from these principles 1 ^ 
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Hiat a riflo-ball, or any other body pn^ected horixontally, Trili 
reach the ground in the same period of time as one that is let 
fall perpendicularly from the same height. 

249. The two forces acting on bodies which fiill through 
curved lines, are the same ns the centrifugal and centripetal 
forces, already explained; the centrifiigal, in case of the hall, 
being caused by the powder — the centripetal, being the action 
of gravity, (109.) 

250. Now the space through which a cannon-hall, or any 
other body, can bo thrown, depends on the velocity with which 
it 18 projected; for the attraction of gravitation, and the resist- 
ance of the air, acting perpetually, the time which a projectile 
can be kept in motion tiirough tho air is only a few moments. 

Perpelual Revolution.— \i the projectile be thrown &om an 
elevated Bituntion, it is plain that it would strike at a grester 
distance than if thrown on a level, because it would remain 
longer in the air. Every one knows that he can throw a stone 
to a greater distance when standing on a steep hill, than when 
standing on the plain below. 

251. Suppose tho circle, fij/. 39, to bo the earth, and A, a 
high mountain on its suiface. Suppose that this motmttun 

249. Whil Is Ihe Umr called which Ihrowg ■ hull forward 1 Wtiil Ig ihmt nlkd 
whichbrliijtalt lolhBfn-nunUI SCO. On wliM dnrslhtdiaaiicelnwhich a prnjtelid 

SBl. Suppnue IhcTelocltjorsciunan-lHllihDlframimouauliiSaiDllHblihloSt 




OUNNKBT. SO 

reaches alxrt^ the ntmoa fig m 

phere, or ia fifty miles 
high, then a cannon hall 
might perhaps reach 
from A tgBja distance 
of eighty or a hundred 
miles, because the resist 
anc« of the atmosphtre 
being out of the calcula 
tion, it would have nuth 
ing to contend with ex 
cept the attraction of 
gravitation. If, then, one 
degree offeree, or veloc- 
ity, would Bend it toB, 

aDOther would send it to PerpeliuU Rmibuim ef a Bait. 

C ; and if the force was 

increased three times, it would fall to D, and if four times, it 
would pass to E. If, now, we suppose the force to be about ten 
times greater than that with which a cannon-ball is projected, 
it would not fall to the earth at any of these points, but would 
continue its motion until it again came to the point A, lie place 
from which it was first projected. 

252, It would now be in equilibrium, the centrifugal force 
being just equal to that of gravity, and, lierefore, it would per- 
form another and another revolution, and so continue to revolve 
around the earth perpetually. 

253. It ia these two forces winch retain the heavenly bodies 
in their orbits ; and in the case we have supposed, our cannon- 
ball would become a httle satellite, moving perpetually round 
the earth. 



254. Law awd Fobob of Pbojkctiles. — Ever einee the dis- 
eoveiy of gunpowder, the laws of projectiles have been stndied 
with attention, as being of importance in the art of war. Many 
learned and elaborate works have been published on the sub- 
ject, but our limits will only admit the insertion of a few of the 
most important principles of Gunnery. 

255. A projectdle, as a bullet from a gun, unless it has a 

Eipliln Fig. S9, liFiS. When would this bill br in Manibriaml Wliv would wit 
the liirceoffrsTi1>1iltimBlplybrliiE<hiB ball tn Ihe earth 1 253. AdFrlha fiiMrefo- 
lullon, irihe two brcH conlinued Ihe buhf, would aat Ihe Dii'llon of lilt IhU ba par 
peoall !». Wbrsn the LawiDrproJulllFiTlewed ImportBDll !». WhM Iws 
brcM ict on projeellleiil WliU li l£* puta of ■ prajntile culled 1 
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vertical direction, is acted on by two forces, that of prcQectaoo, 
which carries it forward, and that of gravity, which draws it 
downward. Its path, therefore, is a curve, called SLparaboiet. 

256. The distance to which the ball will fly, depends on the 
force of projection, since, if its direction is horizontal, its M 
toward the earth by the force of gravity (250) will be the same, 
whether its velocity be great or small. 

251. The resistance of the atmosphere, is the great impedi- 
ment to the effects of projectile forces. Thus it has been de- 
monstrated that a 24-lb. cannon-ball, discharged at an elevation 
of 45°, and at the velocity of 2000 feet per second, would, in 
vacuo, reach the horizon-distance of 125,000 feet, but the re- 
sistance of the air limits its range to 7,300 feet 

258. Velocfty of the Ball. — There are several methods 
of computing the velocity of the ball, one of which is by means 
of the Ballistic pendulum. This is a thick, heavy block of 
wood, so suspended as to swing freely about on axis, and into 
this the ball is fired. The weight of the ball, and that of the 
block being kno^vn, the velocity is found, by the d^rees of mo- 
tion given to the pendulum, which is accurately measured by 
machinery. 

259. Mecoil of the Gun. — ^Another method of fiTnling the 
velocity of the ball, is by means of the recoil of the gun. This 
method is founded on the supposition that the explosive force 
of the powder, communicates equal quantities of motion to the 
gun and ball, in opposite directions. Hence, by suspending 
the gun, loaded with weights, like a pendulimi, the extent of its 
arc of vibration, will indicate the force of the charge, and by 
knowing the weights of the gun and ball, its velocity is indica- 
ted. By such means Dr. Button constructed the following 
table : — 



POWDER. 


VELOCITY PER SECOND. 


DISTANCE. 


TIME OF FUOBT. 


Ounces. 


Feet. 


Feet 


Second!. 


2 


800 


4100 


9 


4 


1230 


5100 


12 


8 


1640 


6000 


^^ 


12 


1680 


6700 


isf 



260. Experiment shows that the velocity of the ball increases 



256. On what does the diBtance of a projectile depend t 267. What is said of at- 
mospheric resistance 7 258. Wtiat is the construction of the ballistic pendutaml 
859. What is the other method of estimating the velocity of the ball t 
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with the charge, to a certain extent, which is peculiar to each 
gun, after which the increase diminishes the force, until the 
bore is quite full. 

261. The greatest velocity of a ball known, is about 2000 
feet per second, and this from a cannon. This velocity dimhi- 
ishes, soon after it leaves the gun. 

262. Power and Destruction. — The penetration of the ball 
is as the square of its velocity. Hence, when the object is 
merely to penetrate, as in the breaching of a fortification, the 
greatest velocity is given. But in naval combats, the utmost 
velocity is not the most injurious, the most destructive balls 
being such as merely pierce the ship's sides. 

MANUFACTURE OF PERCUSSION CAPS. 

263. The processes by which percussion caps are made at the 
establishment of Mr. Mclntyre, in the city of Hartford, Ct, are 
as follow : — 

264. First. — ^The copper is rolled to about the thickness of 
stout brown paper, and is then cut into strips three-fourths of an 
inch wide, and several yards long. The end of such a strip 
being placed between the rollers of a cutting and punching 
machine, invented for this purpose, the whole, without further 
attention, is cut into star-like pieces of the form and size repre- 
sented by Fig. 40, A being the piece cut out, and B, the ap- 
pearance of the strip of copper after the operation. 

FIG. 40. 




First shape of the Copper. 

These pieces are instantly moved, by the same engine, under 
the punch, by which they are driven through a finely creased 
die, and are thus formed into caps which fall into a vessel 
below. 

These stellate pieces, being struck by the punch in the cen- 
ter, the extremities are thus brought into contact, but not 
joined, so that the caps consist of four portions connected at the 
bottom, like the four quarters of an orange peel. 

260. How far does the velocity of the ball increase with that of the charge 1 2GI. 
What is the greatest Telocity of a ball 1 262. What velocity of the ball is most de- 
ttnicUvet 
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When the cape are exploded hj tbe hammer, these qnuten 
open and thus prevent the tearing of the metal which, if tolid, 
would be apt to &y into fragmenta and thna endangor the 
eycB. 

265. Second. — The caps are next placed in a levolTiiig cylin- 
der containing saw-dust, by which they aie made dean and 
brip^ht 

They are now ready to receive the fulminalmg poiedtr, flie 
exptoaion of which sots fire to the powder in the gun-baireL 

The caps are now plnced, a handful at a time, on ■ sheet of 
iron, tliree feet long, eii^ht inches wide, and the foiutii of an 
incli thick, picrci^d with holes a quarter of an inch i^iart, as 
sliow-n by Fii;. 41. This being pkced in a horizontal position, 
and shaken, the caps find tJieir way into the apertnrea, witli 
tlieir open ends up, in a manner that ia quite rarpritdng. 




Cajn /or FiBiitg. 



266. Third. — ^A picco of braa.s plate, of the exact size of that 
containing tho eajiB, is jiierced with apertures to correspond with 
each and every cap, but smaller in size, as shown by Mg. 4i. 



node of Puiini 




This plate, being about the sixth of an inch thick, is laid on 
a smooth surface, and thR fulminating compound, a little moist- 
ened by gum-water, is rubbed into the npcrtures with the hand, 
where it adheres, that remaining on the surface being rubbed o£ 
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267. Fourth. — This brass plate, being laid on that contain- 
ing the caps, each aperture corresponding to a cap, the powder, 
by means of a brush, is made to fall into the caps. 

268. Fifth, — ^The caps are now charged with the powder, 
in a loose state, and requires a gentle pressure to fix it in its 
place. 

This is done by placing the plate, containing them, as above 
described, under rows of punches, which are worked with a httle 
cam engine, and by which the punches are Hfted, while the 
plate is moved forward, by means of a click and notches, so as 
to correspond exactly with the fall of the punches, by the press- 
ure of which, the powder is ^ed in its place. 

269. Sixth, — The best caps are varnished, in order to pro- 
tect them from moisture. It being the powder only which 
requires this protection, in France it is done with a little brush 
on each cap held in the fingers. But Mr. Mclntyre has invented 
a much more expeditious way, and which insures the same 
quantity in each cap. 

This is done by a small machine, consisting of two cams ; a 
click working in horizontal notches, and a crank, by which 
the whole is moved. On the platform or bed of this, is laid the 
plate, Fig, 41, containing the caps, (268,) and on working the 
machine, two dozen blunt metaUic points are alternately dipped 
into a Uttle trough containing copal varnish, and then into the 
caps, these being moved by the click, to correspond with the 
revolution of the cams by which the motions of these points 
are produced. In this way hundreds of caps are varnished in 
a few minutes. 

270. Seventh, — The edges of the best caps are polished, one 
at a time, by holding them with pliers for a second on a spindle 
of steel, revolving a thousand times a minute, the point of 
which enters the cap, the edge rubbing against a shoulder, by 
which the work is done. 

With two engines, as above described, the proprietor esti- 
mates the number of caps made per day, to be about 100,000, 
a market being always ready for all he can make. 

RESULTANT MOTION. 

271. Remltant motion consists in the operation oftwo, or 
more^ forces^ the joint action of which, results in unity of effect. 

271. What is meant by resoltant motion 1 Suppose two boats sailing at the sama 
rate and in the same direction, if an apple be tossed from one to the other, what will 
be its dhrection in respect to the boatsi 
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Suppose two men to be sailing in two boats, each at tlie 
rate of four miles an hour, at a short distance opposite to each 
other, and suppose as they are sailing along in this manner, one 
of the men throws the other an apple. In respect to the boats, 
the apple would pass directly across from one to the other, that 
is, its line of direction would be at right-angles with the sides 
of the boats. But its actual line through the air would be 
oblique, or diagonal, in respect to the sides of the boats, becanse, 
in passing from boat to boat, it is impelled by two forces, viz., 
the force of the motion of the boat forward, and the force by 
which it is thrown by the hand across this motion. 

272. This diagonal motion • 

of the apple is called the re- fig. 43. 

Buliant^ or the resulting mo- 
tion, becaase it is the effect or 
result of two motions resolved 
into one. Perhaps this will 
be more clear by Fig, 43, 
whore A B, and C D, are sup- ^ E^ 

posed to be the sides of the i>iagotua Hotim. 

two boats, and the line E F, 

that of the apple. Now the apple, when thrown, has a motion 
with the boat at the rate of four miles an hour, from C toward 
D, and this motion is supposed to continue just as though it had 
remained in the boat. 

273. Had it remained in the boat during the time it was 
passing from E to F, it would have passed from E to H. But we 
suppose it to have been thrown at the rate of eight miles an 
hour, in the direction toward G ; and if the boats are moving 
south, and the apple thrown toward the east, it would pass in 
the same time twice as far toward the east as it did toward the 
south. Tlierefore, in respect to the boats the apple would pass 
at right-angles from the side of one to that of the other, because 
they are both in motion.* But in respect to a right line, drawn 
from the point where the apple was thrown, and a parallel line 
with this, drawn from the point where it strikes the other boat, 
the line of the apple would be oblique. This will be clear, when 
we consider that, when the apple is thrown, the boats are at the 
j>oints E and G, and that when it strikes, they are at H and F, 
these two points being opposite to each other. 

What would be its line through the air in respect to the boats? 272. What is this 
kind of motion called 1 Why is it called resultant motion? Explain Fig. 43. SSTS. 
Why would the line of the apule be actually at right-anj^Ieu in respect to the boati^ 
but oblique in respect to parallel lines drawn from where it was thrown and whei* 
it struck 1 How is this further illustrated ? 
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The line E F, through which the apple is thrown, is called 
the diagonal of a parallelogram, as already explained under 
compound motion. 

274. On the above principle, if two Aips, during a battle, are 
sailing before the wind at equal rates, the aim of the gunners 
will be exactly the same as though they stood still ; whereas, if 
the gunner fires from a ship standing still, at another under sail, 
he takes his aim forward of the mark he intends to hit, because 
the ship would pass a little forward while the ball is going to her. 

276. And so, on the contrary, if a ship in motion fires at an- 
other standing still, the aim must be behind the mark, because, 
as the motion of the ball partakes of tliat of the ship, it will 
strike forward at the point aimed at. 

276. For the same reason, if a ball be dropped from the top- 
mast of a ship under sail, it partakes of the motion of the ship 
forward, and will fall in a line with the mast, and strike the same 
point on the deck as though the ship stood still. 

If a man upon the full run drops a bullet before him from 
the height of his head, he can not run so fast as to overtake it 
before it reaches the ground. 

It is on this principle, that if a cannon-ball be shot up verti- 
cally from the earth, it will fall back to the same point ; for, 
although the earth moves forward while the ball is in the air, 
yet, as it carries this motion with it, so the ball moves forward, 
also, in an equal degree, and, therefore, comes down at the 
same place. 

HOROI^GT. 

277. This term^ derived from the Greeh^ means, to indicate 
the hour. It is the science of time-keeping, 

278. For this purpose, a great variety of instruments have 
been invented, by some of which, time was measured by the 
dropping of water, as in the clepsydra^ or water-clock, in others, 
by the running of sand, as in the hour-glass, or by the revolu- 
tion of the sun, by means of the gnom,on, or sun-dial. But 
these ancient methods have given place to the modern inven- 
tion of clocks, regulated by the pendulum^ and watches, regu- 
lated by a balance-wheel. 



. 274. When the ships are in equal motion, where does the gunner take his aim % 
Why does he aim forward of the mark when the other ship is in motion ? 275. If a 
ship in motion fires at one standing still, where must be the aim % Why, in this case, 
must the aim be behind the mark ? 276. What other illustrations are given of result- 
ant motion 1 277. What is the meaning of horology 1 278. What were the ancient 
meUiods of keeping time 1 
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FENO0LUM. 

270. A pendulum is a heavy hody^ such as apiece of brass 
or lead, suspended by o^ire or cord, so ax to swing backwird 
and forward. 

Whom a pendulum swings, it is said to vibrate ; and that 
part of a circle through whidi it vibrates, is called its arc. 

280. The times of the vibration of a pendulum are very 
nearly equal, whether it pass through a greater or leas part of 
its arc. 

Suppose A and fig. 4«, 

B, Fig. 44, to be 
two pendulums of 
equal length, and 
suppose the weights 
of each are carried, 
the one to C, and 
the other to D, and 
both let fall at the 
same instant ; their 
vibrations would be 

equal in respect to time, the one passing through its aio firom 
C to E, and so back again in the same time that the otheor 
passes from D to F, and back again. 

281. Tlie reason of this appears to be, that when the pendu- 
lum is raised high, the action of gravity draws it more directly 
downward, and it therefore acquires in falling a greater com- 
parative velocity than is proportioned to the trifling difference 
of height. 

282. Common Clock. — ^In the common clock, the pendulum 
is connected with wheel- work, to regulate the motion of the 
hands, and with weights, by which t£e whole is moved. The 
^dbrations of the pendulum are numbered by a wheel or 
escapement, having thirty teeth, which revolves once in a 
minute. Each tooSi, therefore, answers to one vibration of the 
]>endulum, and the wheel moves forward one tooth in a second, 
Thus the second-hand revolves once in every sixty beats of the 
pendulum ; and, as these beats are seconds, it goes round once 
in a minute. 13y the i)endulum the whole machine is regu- 
lated, for the clock goes faster or slower, according to its num- 

279. What is a pendulum 1 2P0. What is meant b^ the vibration of a jpendulaml 
What is that part of a circle called tlirou^h which it swings 1 281. Wny does tbe 
pendulum vibrate in equal time whether it goes through a small or large part of Ha 
arc 1 282. Describe the common clock. IIow many vibrations has the pendulnmla 
a minute 1 
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ber of vibraUona in a eiven time. The number of vibraUons 
which a pendulum makes in a given time depends upon its 
length, because a long pendulum does not perform its jour- 
ney to and from the corresponding points of its arc so soon as a 
short one. 

283. As the motion of the clock is regulated entirely by the 
pendulum, and as the number of vibrations are as its length, 
• me least variation in this respect will alter its rate of going. 
To beat seconds, its length must be about thirty-nine inches. 
In the common clock, the length is regulated by a screw, which 
raises and lowers the weight. But as the rud to which the 
weight is attached is subject to variations of length, in conse- 
quence of the change of the seasons, being contracted by cold 



and lengthened by heat, the common clock g 
ter than in summer. 

In the small clocks of the present day, 
the pendulum oscillates twice and some- 
times more in a second, and consequently 
Ibe escapement must have 60 or more 
teeth, the second-hand performing two 
revolutions in a minute. 

The length of a pendulum beating two 
seconds is the square of that beating 
seconds. If the length of the secon<£ 
pendulum be 39-J- inches, then that beat- 
ing two seconds will be about 13 feet. 



s faster in 



angtri, ai 



idulum beating half seconds ia ii 



length, as the square root of that beating 
seconds, or about 10 inches long^ 1- >■■ -f^ 

284, Gridiron Pendulum.— V snow 
means have been contrived to counteract 
the effects of these changes, so that the 
pendulum may contiune the some length 
the whole year. Amoag inventions for 
this purpose, the gridiron pendulum is 
considered amongtho best It is so called, 
because it consists of several rods of dif- 
ferent metals connected together at each 
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285. The principle on which this pendulum is constracted is 
derived from Uie fact that some metals dilate more by the same 
dc'^cs of heat than others. Thus, brass will dilate about twice 
as much by heat, and, consequently, contract twice as much by 
cold, as steel. I£^ then, these dUSerences could be made to 
counteract each other mutually, given points at each end of a 
system of such rods would remain stationary the year round, 
and thus the clock would go at the same rate in all climates, and 
durinj: all sojusons. 

280. Suppose, then, steel bars A B, are firmly fixed to cross 
bars at each end, as seen by Fig, 45, and that on the lower 
cross bar, the brass rods 1 2, are also fixed, then the steel bars 
can expand only downward, and the brass ones, only upward. 
Now as the pendulum rod passes through the lower cross bar, 
and is fixed to the upper cross piece of the brass rods, it will be 
seen that the elongation of the two metals by heat mutually 
counteract each other, and therefore that the point of suspen- 
sion, a, and the pendulum weight, 6, will always remain at the 
same distance from each other. It is found by experiment that 
the expansion of brass to that of steel is in the proportion of 
100 to 61. 

28 Y. Gravity varies the Vibrations, — ^As it is the force of 

fravity which draws the weight of the pendulum from the 
ighest point of its arc downward, and as this force increases or 
diminishes as bodies approach toward the center of the earth, 
or recede from it, so the pendulum will vibrate &ster or slower 
in proportion as this attraction is stronger or weaker. 

288. Now it is known that the earth at the equator rises 
higher from its center than it does at the poles, for toward the 
poles it is flattened. The pendulum, therefore, being more 
strongly attracted at the poles than at the equator, vibrates 
more rapidly. For this reason, a clock that would keep exact 
time at tlie equator would gain time at the poles, for the rate at 
which a clock goes depends on the number of vibrations its pen- 
dulum makes. Therefore, pendulums, in order to beat seconds, 
must be shorter at the equator, and longer at the poles. 

For the same reason, a clock which keeps exact time at the 
foot of a high mountain, would move slower on its top. 

2B5. What are the metals of which this instrument is made 7 286. Explain Fiff. 46, an< 
give the reason why the length of the pendulum will not change by the Tariations of 
temperature. 287. What is the downward force which makes the pendulum vibrate 1 
Explain the reason why the same clock would go fsister at the poles, and slower at 
the equator. 288. How can a clock which ^oes true at the equator be made to go 
true at the poles 1 Will a clock keep equal time at the foot and on the top of a high 
mounuin? Why will it not 1 
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280. Metronome. — ^There is a short pendulum, used by mu- 
sicians for marking time, which may be made to vibrate fast or 
slow, as occasion requires. This little instrument is called a 
metronome, and besides the pendulum, consists of several wheels, 
and a spiral spring, by which the whole is moved. This pen- 
dulum is only ten or twelve inches long, and instead of being 
suspended by the end, like other pendulums, the rod is pro- 
longed above the point of suspension, and there is a ball placed 
near the upper, as well as at the lower extremity. 

200. This arrangement will be under- 
stood by Mg, 46, where A is the axis ^®- ^• 
of suspension, B the upper ball, and C -r 1 
the lower one. Now, when this pendu- ^-^p>>. 
lum vibrates from the point A, the up- /^ T N 
per ball constantly retards the motion of 
the lower one, by in part counterbalanc- 
ing its weight, and thus preventing its 
full velocity downward. 

201. Perhaps this will be more ap- 
parent, by placing the pendulum, Mg. 
47, for a moment on its side, and across 
a bar, at the point of suspension. In 
this position, it will be seen that the 
little ball would prevent the large one 
from falling with its Aill weight, since, 
were it moved to a cer- ^®* *^* 
tain distance from the 
point of suspension, it 
would balance the large 

one so that it would not Metronome. 

descend at all. It is plain, 

therefore, that the comparative velocity of the large ball will be 
in proportion as the small one is moved to a greater or less dis- 
tanoe from the point of suspension. The metronome is so con- 
structed, the little ball being made to move up and down on 
the rod at pleasure, that its vibrations are made to beat the 
time of a quick or slow tune, as occasion requires. 

By this arrangement, the instrument is made to vibrate every 
two secondis, or every hal^ or quarter of a second, at pleasure. . 
Metronome means time measurer, , ^-^ 

289. What is the metronome ? How does this pendulum differ from the common 
peodahims 1 290. Explain Fig. 46. 291. J9ow does the upper ball retard the motion 
of the lower one ? How is the metronome made to go taster or slower, at pleasure ? 
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CHAPTER IV. 

MECHANICS. 

292. Mechanics is a science which iwoesUgaUB the iams wad 

effects of force and motion, 

203. The practical object of this sdence is, to teach the best 
modes of overcoming resistances by means of mechanical powon, 
and to applj motion to useful purposes, by means of maSinety. 

294. A machine is any instrument by which power, motioii, 
or velocity, is applied or regulated. 

295. A machine may l^ very simple, or exceedingly com- 
plex. Thus, a pin is a machine for fastening dothes, and a 
steam-engine is a machine for propelling mills and boats. 

As machines are constructed for a vast variety of puzposeB, 
their forms, powers, and kinds of movement^ most depend on 
their intended uses. 

Several considerations ought to precede the actual constrae- 
tion of a new or untried machine ; for if it does not answer the 
purpose intended, it is commonly a total loss to the builder. 

Many a man, on attempting to apply an old principle to a 
new purpose, or to invent a new machine for an old purpose, 
has been sorely disappointed, having found, when too late, that 
his time and money had been thrown away, for want of proper 
reflection, or requisite knowledge. 

K a man, for instance, thinks of constructing a machine &fr 
raising a ship, he ought to take into consideration the inertia or 
weight, to be moved — ^the force to be applied — the strength of 
the materials, and the space or situation he has to work in. 
For, if the force applied, or the strength of the materials be in- 
sufficient, his machine is obviously useless ; and if the force and 
strength be ample, but the space be wanting, the same resolt 
must follow. 

If he intends his machine for twisting the fibers of flexible 
substances into threads, he may find no difficulty in respect to 
power, strength of materials, or space to work in, but if the 

292. Wliat is mechanical 293. What is the object of this science 1 2M. Whatil 
a machine % 296. Mention one of the most simple, and one of the most comples of 
machines. 
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velocity, direction^ and kind of motion he obtains, be not appli- 
cable to the work intended, he still loses his labor. 

Thousands of machines have been constructed, which, so far 
as regarded the skill of the workmen, the ingenuity of the con- 
triver, and the construction of the individual parts, were models 
of art and beauty ; and, so far as could be seen without trial, 
admirably adapted to the intended purpose. But on putting 
them to actual use, it has too often been found, that their only 
imperfection consisted in a stubborn refusal to do any part of 
the work intended. 

Now, a thorough knowledge of the laws of motion, and the 
principles of mechanics, would, in many instances, at least, have 
prevented all this loss of labor and money, and spared him so 
much vexation and chagrin, by showing the projector that his 
machine would not answer the intended purpose. 

The importance of this kind of knowledge is therefore ob- 
vious, and it is hoped will become more so as we proceed, 

DEFINrriONS. 

296. In mechanics, as well as in other sciences, there are 
words which must be explained, either because they are com- 
mon words used in a peculiar sense, or because they are terms 
of art, not in common use. All technical terms will be as much 
as possible avoided, but still there are a few, which it is neces- 
sary here to explain. 

297. JForce is the means by which bodies are set in motion, 
kept in motion, and when moving, are brought to rest. 
The force of gunpowder sets the ball in motion, and keeps 
it moving, until the force of the resisting air, and the force 
of gravity, bring it to rest. 

298. Power is the means by which the machine is moved, 
and the force gained. Thus we have horse-power, water- 
power, and the power of weights. 

299. Weight is the resistance, or the thing to be moved by 
the force of the power. Thus the stone is the weight to 
be moved by the force of the lever or bar. 

800. Fulcrum, or prop, is the point on which a thing is sup- 
ported, and about which it has more or less motion. In 
raising a stone, the thing on which the lever rests, is the 
fulcrum. 



297. What is meant by force in mechanics 1 298. What is meant by power 1 299. 
What is understood by weight 1 300. What is the fulcrum 1 301. Are the mechan* 
leal powers numerous, or only few in number 1 
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801. In mechanics, there are a few simple machines caHed 
the inechanical powers, and however mixed, or complex, a com- 
bination of machinery may be, it consists only of uiese few in- 
dividual powers. 

Wo shall not here burden the memory of the pupil with the 
names of these powers, of the nature of which he is at present 
supposed to know nothing, but shall explain the action and use 
of each in its turn, and then sum up the whole for his acoom- 
modation. 



THE LEVER. 




302. Any rod, or bar, which U used in raismg a weight, or 
surmounting a resistance, by being placed on a fulcrum, or pn^ 
becomes a lever. Levers are simple and compound. 

803. Simple levers are of three kinds, namely : firsts where 
the fulcrum is between the power and the weight; second, 
where the weight is between the fulcrum and the power ; third, 
where the power is between the fulcrum and the weight! 

304. First Kind. — The first kind is represented by i^. 48, 
being a straight 

rod of iron, called ^®- ^ 

a crowbar, in com- 
mon use for rais- 
ing rocks and oth- 
er heavy bodies. 
The stone, B, is 
the weight, A the 
lever, and C the 
fulcrum ; the power being the hand of a man applied at A. 

It will be observed, that by this arrangement the application 
of a small power may bo used to overcome a great resistance. 

805. The force to be obtained by the lever, depends on its 
length, together with the power applied, and the- distance of the^ 
weight and power from the fulcrum. 

306. Suppose, Fig, 49, tliat A is the lever, B the fulcrum, D 
the weight to be raised, and C the power. Let D be considered 
three times as heavy as C, and the fulcrum three times as £sur 
from C as it is from D ; then the weight and power will ex- 
actly balance each other. Thus, if the bar be four feet long, 

302. What is a lever 1 303. What are the three kinds of simple leTera 1 304. What 
\b the simplest of all mechanical powers 1 Explain Fig. 48. Which is the weigfati 
Where is the fulcrum 1 Where is the power appiiedl What is the power in tUf 
case ? 305. On what does the force to be obtained by the lever depend 1 306. Sop- 
pose a lever four feet long, and the fulcrum one foot from the ead| what number of 
pounds will iNilance each other at the ends 1 
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FIG. 49. 
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Z,ever^Unequal Arme. 

and the fulcrum three feet from the end, then three pounds on 
the long arm will weigh just as much as nine pounds on the 
short arm, and these proportions will ba found the same in all 
cases. 

307. When two weights balance each other, the fulcrum is 
always at the center of gravity between them, and therefore, 
to make a small weight raise a large one, the fulcrum must be 
placed as near as possible to the large one, since the greater tho 
distSLUce from the fulcrum the small weight or power is placed, 
the greater will be its force. 

no. 50. 
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Lever—Double Weighta. 

308. Suppose the weight B, Fig, 60, to be sixteen pounds, 
and suppose the fulcrum to be placed so near it, as to be raised 
by the power A, of four pounds hanging equally distant from 
the fulcrum and the end of the lever. If now the power A be 
removed, and another of two pounds, C, be placed at the end 
of the lever, its force will be just equal to A, placed at the 
middle of the lever. 

309. But let the fulcrum be moved along to the middle of 
the lever, with the weight of sixteen pounds still suspended to 
it, it would then take another weight of sixteen pounds, instead 
of two pounds, to balance it, Fiff, 51. » 

307. When weights balance each other, at what point between them must the ful> 
emmbe 1 3J8. mippose a weight of 16 pounds on the short arm of a lever is couu> 
teftelaoeed by 4 pounds in the middle of the long arm, what power would balance 
thte wef(ht at the end of the lever 1 a09. Suppose the fulcrum to be moved to the 
middle of the lever, what power would then be equal to 16 pounds 1 

4 
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Lever— EqiuU ArmB. 

Thus, the power which would balance sixteen ponndB, when 
the fulcrum is in one place, must be exchanged for another povrar 
weighing eight times as much, when the fulcmm is in another 
place. 

310. From these investigations, we may draw tlie ibiloiniig 
general truth, or proposition, concerning the lever : " That Ik 
force of the lever increcLses in proportion to the di$ianeB ofik 
power from the fulcrum, and diminishei in proportion at ik 
distance of the weight from the fulcrum inerecueaT' 

311. From this proposition, may be drawn the following niH 
by which the exact proportions between the weight or resBt- 
ance, and the power, may be found. Multiply tne weight h/ 
its distance from the fulcrum ; then multiply the power hf Hi 
distance from the sam£ point, and if the products are equal^ ik$ 
weight and tlie power will balance each other, 

312. Suppose a weight of 100 pounds on the short arm of 
a lever, 8 inches from the fulcrum, then another weighty or 
power, of 8 pounds, would be equal to this, at the dntanoe 
of 100 inches from the fulcrum ; because 8 multiplied by 100 
is equal to 800 ; and 100 multiplied by 8 is equal to 800, and 
thus they would mutually counteract each other. 

313. Many instruments 

in common use are on the fig. 6B. 

pnnciple of this kind of 

lever. Scissors, Fig, 52, 

consist of two levers, the 

rivet being the fulcrum 

for both. The fingers are 

the power, and the cloth 

to be cut, the resistance to 

be overcome. 

Pincers, forceps, and 
sv gar-cutters, are examples of this kind of lever. 

310. What is the general proposition drawn from these retultsl 311. Whatlithi 
rule for finding the proportions between the weight and power 1 312. Ghre an iOit- 
tration of this rule. 313. What instruments operate on tnt principle of this l«fw 1 
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314. A common scale-heam, used for weighing, is a lever, 
suspended at the center of gravity, so that the two arms bal- 
ance each other. Hence the machine is called a balance. The 
fulcrum, or what is called the jdvot^ is sharpened, like a wedge, 
and made of hardened steel, so as much as possible to avoid 
friction. 

315. A dish is suspended by no. 53. 
cords to each end or arm of the 
lever, for the purpose of hold- 
ing the articles to be weighed. 
When the whole is suspended 
at the point a, Fiff. 53, the 
beam or lever ought to remain 
■in a horizontal position, one of 
its ends being exactly as high 

as the other. K the weights in the two dishes are equal, and 
the support exactly in the center, they will always hang as 
represented in the figure. 

816. A very slight variation of the point of support toward 
one end of the lever, will make a difference in the weights em- 
ployed to balance each other. In weighing a pound of sugar, 
^ith a scale-beam of eight inches long, if the point of support 
is half an inch too near the weight, the buyer would be cheated 
Dearly one ounce, and consequently nearly one pound in every 
sixteen pounds. This fraud might instantly be detected by 
dianging the places of the sugar and weight, for then the dif- 
ference would be quite material, since the sugar would then 
seem to want twice as much additional weight as it did really 
want 

317. The steelyard dif- 
fers from the bsdance, in 
having its support near 
one end, instead of in the 
middle, and also in hav- 
ing the weights suspend- 
ed by hooks, instead of 
being placed in a dish. 

If we suppose the beam to be Y inches long, and the hook, 
C, Fig, 54, to be one inch from the end, then the pound weight, 
A, will require an additional pound at B, for every inch it is 
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314. In the eommoa Kale-beun, where te the fulcrum 1 315. In what position 
ooffat tlM Mcnle-benm to hang 1 316. How may a fraudulent scale-beam be made 1 
How mur Um ebtat b« deteetad 1 817. How does the iteelyard differ from the 
btkneeT 
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moved from it This, however, supposes that the har wiU bal- 
ance itself^ before any weights are attached to it 

no. 66. 
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318. Second Kind. — ^Tho second kind of lever is represented 
by Fig, 66, where W is the weight, L the lever, F the fblcram, 
and P a pulley, over which a string is thrown, and a weight 
suspended, as the power. In the common use of a lever of the 
first kind, the force is gained by bearing down the long arm, 
which is called prying. In the second kind, the force is gained 
by carrying the long arm in a contrary direction, or upward, 
and this is called lifting, 

319. Levers of the second kind are not so common as the 
first, but are frequently used for certain purposes. The oars of 
a boat are examples of the second kind. The water against 
which the blade of the oar pushes, is the fulcrum, the boat b 
the weight to be moved, and the hands of the man, the power. 

320. Two men carrying a load between them on a pole, is 
also an example of this kind of lever. Each man acts as the 
power in moving the weight, and at the same time each be- 
comes the fulcrum in respect to the other. 

If the weight happens to slide on the pole, the man toward 
whom it goes has to bear more of it in proportion as its dis- 
tance from him is less than before. 

321. A load at A, Fig, 56, is borne equally by the two men, 
being equally distant from each other; but at 6, three qnarteis 
of its weight would be on the man at that end, because three 
quarters of the length of the lever would be on the side of the 
other man. 



^ Iq the first kind of lever, where is the fulcrum, in respect to the weight and 

^ In the second kind, where is the fulcrum, in respect to the weMit sad 

What is the action of the first kind called 1 What is the action of Uw tee* 

' «»lled 1 319. Give examples of the second kind of lever. 3SXI. In rawfava 

I la the fulcrum, what the weight, and what the i>ower 9 SSL Wlkit olhv 

M of this principle are given 1 
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822. 7%tV(f Kind.— In the third and last kind of lever, the 
weight is placed at one end, the fulcrum at the other end, and 
the power between them, or the hand, is between the fulcmm 
and the weight 

This is represented by Ftp. 57, where G is the fulcmm, A 
the power, suspended over the pullej B, and D is the weight 
to be raised. 

323. This kind of lever works to great disadvantage, since 
the power must be ^eater than the weight. It is uierefore 
seldom used, except m cases where velocity and not force is 
required. In raising a ladder from the ground to the roof of 
a house, men are obliged sometimes to make use of this princi- 
ple, and the great difiSculty of doing so, illustrates the mechan- 
ical disadvantage of this kind of lever. 

AVe have now described the three kinds of levers, and, we 
hope, have made the manner in which each kind acts plain, by 
illustrations. But to make the difference between them sfiil 
more obvious, and to avoid all confusion, we will here compare j 
them together, i 

m 

aaS. la the third kind of lerer where are the reepeetlTe pteera of the weight, 
power, and ftakmm t 333. Whet le the dieulrentefe of this kind of lererl Ofreui 
cample of the use of the third kind of lerer 1 
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324. In Fig, 58, the weight and hand both act downward. 
In 59, the weight and hand act in contrary directions, the hand 
upward and the weight downward, the weight being between 
them. In 60, the hand and weight also act in contrary direc- 
tions, but the hand is between the fulcrum and the weight. 

325. Compound Lever. — When several simple levers are 
connected together, and act one upon the other, the machine is 



324. In what direction do the hand and weight act. in the first kind of lererl In 
what direction do they act in the second kind 1 In what direction do they act in tht 
thhrd kind 1 325. What is a compound lever 7 
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called a compound lever. In this machine, as each lever acts as 
an individu^, and with a force equal to the action of the next 
lever upon it, the force is increased or diminished, and becomes 
greater or less, in proportion to the number or kind of levers 
employed. 

We will illustrate this kind of lever by a single example, but 
must refer the inquisitive student to more extended works for a 
full investigation of the subject. 

no. 61. 
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Compound Lever. 

Fig, 61 represents a compound lever, consisting of three sim- 
ple levers of the first kind. 

326. In calculating the force of this lever, the rule applies 
which has already been given for the simple lever, namely : 
The length of the long arm is to he multiplied by the moving 
poujer^ and that of the short one, by the weight, or resistance, 

327. Let us suppose, then, that the three levers in the figure 
are of the same length, the long arms being six inches, and the 
short ones two inches long ; required, the weight which a mov- 
ing power of 1 pound at A will balance at B. In the first place, 
1 pound at A, would balance 3 pounds at E, for the lever being 
6 mches, and the power 1 pound, 6x1=6, and the short one 
being 2 inches, 2x3=6. The long arm of the second lever 
being also 6 inches, and moved with a power of 3 pounds, mul- 
tiply the 3 by 6=18; and multiply the length of the short 
arm, being 2 inches, by 9 = 18. These two products being 
equal, the power upon the long arm of the third lever, at D, 
would be 9 pounds. 9 pounds x 6=54, and 27 X 2, is 54 ; so 
that 1 pound at A would balance 27 at B. 

The mcrease of force is thus slow, because the proportion be- 
tween the long and short arms is only as 2 to 6, or in the pro- 
portions of 1, 3, 9. 

888. By what rale !■ the force of the eompoaod lerer caleaUited T 327. How many 
ponnda weight win he railed by three lerera connected, of aiz Inehea each, with the 
mkran two inehea from the end, by a power of one pound 1 



80 



WHEEL AND AXLE. 



FM. OSL 



328. Now suppose the long arms of these kven to be 18 
inches, and the short ones 1 inch, and the result will be sur- 
prisingly different, for then 1 pound at A would balaooe 18 
pounck at £, and the second lever would have a power of 
18 poundfl. Tliis being multiplied by the length of the lever, 
18x18=324 pounds at D. The third lever would thus be 
moved by a power of 324 pounds, which, multiplied by 18 
inches for the weight it would raise, would give 5832 ponnds. 

329. The compound lever is employed in the oonstmction of 
weighing machines, and particularly in cases where great weigfatB 
are to be determined, in situations where other machines would 
be inconvenient, on account of their occupying too much space. 

330. Knee Lever. — A compound instrument^ called the 
Knee Lever, is used in various kinds of machinery, the principle 
of which is explained by Fig, 62. 

This combination consists of 
a metal rod, A B, having a 
joint at A, above which there 
is a firm support. At C is an- 
other rod, or bar, jointed to the 
long lever, and terminating at 
G, where there is another joint, 
attached to a movable plat- 
form, on which the force of the 
two levers are exerted. 

Now when B is pushed to- 
ward the vertical position, the 
force on the joints A and G, is 
constantly increased, until the 
two bars become perpendicular, 
when the pressure exerted, is 
augmented to nearly an indefi- 
nite degree. 

331. Various engines for pressing paper, and for printings, 
constructed on this principle, and it is said they are unequaled 
in power, except by the Hydrostatic press. 
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332. The mechanical power, next to the lever in arrange- 



328. If the long^ arms of the levers be eighteen inches, and the short onea one inch, 
how much will a power of one pound balance 1 329. In what machines is the com- 
pound lever employed 1 330. Explain the principle of the Kuee I.eTer, Flf G2l SU 
What machines are on tliis principle 1 




ment, is tlie vh^t and axle. It ia, however, much i 
plex than the lever. 

333. It consists of two wbeeU, Fia. ea. 

one of which is larger than the 
other, but the small one passes 
through the larger, and hence both 
bave a common center, on which 
they turn. 

834. The manner in which this 
machine acts will be understood by 
Fiff. 63. The large wheel, A, on 
turning the machine, will lake up, 
or throw o^ as much more rope 
than the smaJI wheel or axle, B, as 

its circi; inference ia greater. If we suppose the circumference 
of the large wheel to be four times that of the small one, then 
it will take up the rope four times as fast. And because A is 
four times as large as B, 1 pound at D will balance 4 pounds 
at C, on the opposite aide. 

335. The principle of this machine is ^°- "- 

that of the lever, as will bfl apparent 
by an examination of Fig. 64. 

338. This figure represents the ma- 
chine endwise, so as to show in what 
manner the lever operates. The two 
weights hanging in o[jposition to each 
other, the one on the wheel at A, and 
the other on the axle at B, act in the 
same manner as if they were connected 
by the horizontal lever A B, passing from 
one to the other, having the common 
center, C, as a fulcrum between them. 

337. The wheel and axle, therefore, acts like a constant suc- 
cession of levers, the long ann being half the diameter of the 
wheel, and the short one half the diameter of the axle; the 
common center of both being the fulcrum,- The wheel and axle 
has, therefore, been called thaperpetwd lever. 4.^ 

338. The great advantage of t]iia mechanical arrangement is, 
that while a single lever of the same power can rwae a weight 
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bnt a few incbc« at s time, and then only in m a 
this machine exerts a continual force, and in an; ^rediia 
wanted. To change the direction, it ii odIj nnmmirj that the 
rope by which the weight is to be raiaed, aboold be carrisd i& i 
line |>erpcndieultu' to the axis of the machine, to the place bdov 
where the weight lies, and there be let foil over a poUe; . 

339. Suppose the wheel 

and axle, J'\ff. 65, it erect- no. ee. 

ed in the third story of a 
Btorc-liouac, witb tlie axle 
over the scuttles, or doors 
through tlie floors, m that 
goods can be nused by it 
from tiie ground-floor, in 
the direction of the weight 
A. Suppose, also, that the 
same store stands on a 
whar^ where ships come 
up to its side, and goods 
are to be removed from the 
vessels into the upper sto- 
ries. Instead of removing 
the goods into the store, and hoisting them in tlie direction of 
A, it is only necessary to carry tho rope B, over tie pulley C, 
which is at tho end of a strong beam projecting out from the 
Eide of the store, and then the goods will be raised in the diieo- 
tion of B, thus saving the labor of moving them twice. 

The wheel and axle, under different forms, is applied to a 
variety of common purposes. 

340. The capstan, in universal FIG. w. 
use, on board of ships, is an axle 
placed upright, with a bead, or 
drum, A, Piff. 66, pierced with 
holes for tlie levera B, C, D. The 
weight is drawn by tlie rope, E, 
passing two or three times round 
the a\le to prevent its slipping. 

341. This is a very powerful 
and convenient macbine. When oapim. 
not in me, the levers are taken out 
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of their places and laid aside, and when great force is required, 
two or three men can push at each lever. 

342. Windlass. — The 
cofnmon windlass for ^^' ^• 

drawing water is another 
modification of the wheel 
and axle. The winch, 
or crank, by which it is ,= 
turned, is moved around 
by the hand, and there 
is no difference in the 
principle, whether a 
whole wheel is turned, 
or a single spoke. The 
winch, therefore, an- 
swers to the wheel, while the rope is taken up, and the weight 
raised by the axle, as already described. 

In cases where great weights are to be raised, and it is 
required that the machine should be as small as possible, on 
account of room, the simple wheel and axle, modified as repre- 
sented by Fi^. 67, is sometimes used. 

343. The axle may be considered in two parts, one of which 
is larger than the other. Tbe rope is attached by its two ends, 
to the ends of the axle, as seen in the figure. The weight to 
be raised is attached to a small pulley, around which the rope 
passes. The elevation of the weight may be thus described. 
Upon turning the axle, the rope is coiled around the larger part, 
and, at the same time, it is thrown off the smaller part. At 
every revolution, therefore, a portion of the rope will be drawn 
up, equal to the circumference of the thicker part, and at the 
same time a portion, equal to that of the thinner part, will be 
let down. On the whole, then, one revolution of the machine 
will shorten the rope where the weight is suspended, just as 
much as the difference is between the circumference of Ae two 
parts. 

344. Illustration. — Now to understand the principle on which 
this machine acts, we must refer to Fig. 68, where it is obvious 
that the two parts of the rope, A and B, equally support the 
weight D, and that the rope, as the machine turns, passes from 
the small part of the axle E to the large part H, consequently. 



MS. In the common windlass, what part answers to the wheel 1 Explain Fig. 67. 
813. WhT is the rope shortened, and the weight raised 1 344. What is the design of 
Fig. 681 * Does the weight rise perpendicular to the axis of motion ? 
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tlio weight docB not rise in a perpendicular fig. 6R. 

line toward C, tht) center of both, but in a 
line Ix^tween the outsides of the large and 
Rniall parts. 

«345. Let us consider what would be the 
coriBoqucnce of changing the rope A to the 
I.-irgor part of the axle, so as to place the 
weight in a line perpendicular to the axis of 
motion. In this case, it is obvious that the 
inncliinc would be in equilibrium, since the 
woight D would be divided between the two 
sides equally, and the two arms of the lever 
passing through tlio winter C, would be of 
equal length, and tlierefore no advantage 
would be g-ained. 

346. But in the actual arrangement, the weight beitig bub- 
tained equally by the large and small parts, there is involved a 
lever power, the long arm of which is equal to half the diameter 
of the large part, while tlie short corm is equal to half the diam- 
eter of the small part, the fulcrum being between them.^ ^ 

A Varying Power^ producing a Constant Force, — ^If a 
power, varying under any given conditions, be required to over- 
come a resistance which varies according to some other given 
conditions, the one may be accommodated to the other by pro- 
ducing a variation in the leverage, by which one or both acts. 

347. This is done in the 
mechanism of the watch, of, 
which A, Fig, 69, is the bar- 
rel containing the power in 
the form of a convoluted 
spring, and B tlie//^vet' which 
acts as a varying IcvtT, and 
through which motion is 
conveyed to the hands of the 
watch. 

348. Now when the watch is first wound up,t)ie main-spring 
within the barrel is closely coiled, and of course acts with much 
more power than afterward, when it is partly unrolled ; hence, 
were no means used to equalize this power, every watch would 



FIG. 69. 




Barrel and fSiaee. 



345. Suppose the cylinder was. throushonf, of the same size, what would be the 
conseqiieuce ? 3lG. On what prirciple does this machine act 7 Which are the loiw 
and short arms of the levrr, and where is the fulcrnm 1 347. What is the mahi 
spring of a watch 1 348. Where is it contained? What is the fusee of a watch T 
What is its form 1 When does the main sprinj; act with most force ? 
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ran twi> or three times as fast, when first wound up, as 
afterward. 

849. We s)iall see that the fusee is a complete remedy for 
the varytDg action of the main-spring. lu form is a low cone, 
with its surface cut into a spiral groove, to receive the chain, 
[ which runs round the barrai. Now when the watch ia wound 
I up, hy applying the key to the axis of the fusee at C, the main- 
r sprino;, one end of which is attached to the diameter of the 
l^rrel, and the other to its axis, is closely coiled ; but as the ac- 
tion begins on the smallest part of the fusee, the leverage is 
short, and the power weak ; but as the fusee turns, and the 
spring uncoils, the leveri^ increases in proportion as the strength 
of the spring becomes weaker, and tlius the two forces mutually 
equaUze each other, and the watch runs at the same rate until 
the chain which connects them has ruu from the barrel to the 
fusee, when it again requires winding, and the same process 
begins again. 

350. SrsTEM OP Wheels. — As the wheel and axle u only a 
modification of the simple lever, so a system of wheels acting oa 
each other, and transmittin-/ the power to the resistaTice, is only 
another form of the compound lever. 

351. Such a combina- 
tion is shown in Fig. 70, 
The first wheel. A, by 
means of the teeth, or cogs, 



ule,!i 



IS the 




second wheel, 
force equal to that of a 
lever, the long arm of 
which extends from the 
center to the circumference 
of the wheel, where the 
power P is suspended, and 
the short arm from the 
same center to the ends of 
theoogB. ThedottedHne 
C, passing through the cen- 
ter of the wheel A, shows the position of the lever, as the wheel 
now stands. The center on which tlie wheel and axle turns, is 
the ^cTum of this lever. As the wheel turns, the short arm 
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of this lever will act upon tbe lon^ aim of the next lever hf 
means of the teeth on the circnmference of the wheel B, and thv 
again through the teeth on the axle of B, will transmit its force 
to the circumference of the wheel D, and so by the ahort arm 
of the third lever to the weight W. As the power or smsll 
weight falls, therefore, the resistance W, is raised, with die mul- 
tiplied force of three levers acting on each other. 

352. In respect to the force to be gained hj such a mabhine, 
suppose the number of teeth on the axle of the wheel A to be 
six times less than the number of those on the drcnmferenoe of 
the wheel B, then B would only turn round once, while A tana 
six times. And, in like manner, if the number of teeth on the 
circumference of D, be six times greater than those on the axis 
of B, then D would turn once, while B is turned six times. Thus 
six revolutions of A would make B revolve once, and six revolu- 
tions of B would make D revolve once. Therefore, A makes 
thirty-six revolutions while D makes only one. 

353. The diameter of the wheel A, being three times the 
diameter of the axle of the wheel D, and its velocity of motion 
being 36 to 1, 3 times 36 will give the weight which a power 
of 1 pound at P would raise at W. Thus 36 X 8 = 108. One 
pound at P would therefore balance 108 pounds at W. 

354. No Machine Creates Force. — If the student has 
attended closely to what has been said on mechanics, he will 
now be prepared to understand, that no machine, however 
simple or complex, can create the least degree of force. It is 
true, that one man with a machine may apply a force whidi a 
hundred could not exert with their hands, but then it would 
take him a hundred times as long. 

355. Suppose there are 20 blocks of stone to be moved a 
hundred feet ; perhaps twenty men, by taking each a block, 
would move them all in a minute. One man, with a capstan, 
we will suppose, may move them all at once, but this man, with 
his lever, would have to make one revolution for every foot he 
drew the whole load toward him, and therefore to make one 
hundred revolutions to perform the whole work. It will also 
take him twenty times as long to do it, as it took the twenty 
men. His task, indeed, would bo more than twenty times 
harder than that performed by the twenty men, for, in addition 
to movin'g the stone, he would have the friction of the machinery 

353. What weight will one pound at P Inlance at W1 364. Ts there anja^ul 
power frained by the use of machinery 7 355. Suppose twenty men to more twenty 
stones to a certain distance with their hands, and one man moTes them back to the 
same place with a capstan, which performs the most actual labor 1 Why 1 
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ti> overcome, which commonly amounts to nearly one third of 
the force employed. 

356. Hence there would be an actual loss of power by the 
use of the capstan, though it might be a convenience for the 
one man to do his work by its means, rather than to call in 
nineteen of his neighbors to assist him. 

357. Any power by which a machine is moved, must be 
equal to the resistance to be overcome, and, in all cases where 
the power descends, there will be a proportion between the 
velocity with which it moves downward, and the velocity with 
which the weight moves upward. 

358. There will be no diflference in this respect, whether the 
machine be simple or compound, for if its force be increased by 
increasing the number of levers, or wheels, the velocity of the 
moving power must also be increased, as that of the resistance 
is diminished. 

359. There being, then, always a proportion between the 
velocity with which the moving force descends, and that with 
which the weight ascends, whatever this proportion may be, it 
is necessary that the power should have to the resistance the 
same ratio that the velocity of the resistance has to the velocity 
of the power. In other words, " The power multiplied hy the 
space through which it moves^ in a vertical direction, must he 
equal to the weight multiplied hy the space through which it 
moves in a vertical direction^ 

This law is known under no. 71. 

the name of "the law of 
virtual velocities," and is con- 
sidered the golden ruU of 
mechanics. 

360. This principle has al- 
ready been explained, while 
treating of the lever, (312 ;) 
but that the student should 
want nothing to assist him in 
clearly comprehending so im- 
portant a law, we will again 

illustrate it in a different , Weight and Space. 

manner. 




356. Why, then, is machinery a convenience? dl^iT In the asc of the lever, what 
proportion is there between the force of the short arm, and the velocity of the long 
arm 1 Is It said. t>iai the velooitv of the power downward, must be In proportion to 
that of the weixht upward 1 358. Doen It make any difference, In this respect, 
whether the machine be simple or compound 1 359. What is the golden rule of me- 
chaaics 1 Explain Fig. 71, and show how the rule is illustrated by it. 
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Suppose the lever, Fig. 71, to be thirty inches loDg from the 
fulcrum to the point where the power, P, is suspended, and 
that the weight W, is two inches from the fulcrum. H the 
power be 1 pound, the weight must be 15 pounds, to prodnoe 
equilibrium, and the power, P, must fall thirty inches to raise 
the weight, W, two inches. Therefore, the power being 1 
pound, and the space 30 inches, 30 X 1 =30. The weight b^g 
jL5 pounds, and the space 2 inches, 15X2=30. 

Thus, the power multiplieil by the space through which it 
falls, and the weight multiplied by the space through whidi 
it rises, are equal. 

361. However complex the machine may be, by which the 
force of a descending power is transmitted to the weight to be 
raised, the same rule will apply as it does to the action of the 
simple lever. ( 

THB rULLET. 

362. A pulley consists of a wheel which is grooved on the 
edge, and which is made to turn on its axis, by a cord passing 
over it, 

363. Simple Pulley.— Fig,l2,re^Te' ^ "*•''• 
sents a simple pulley, with a single fixed 
wheel. In other forms of the machine, 
the wheel moves up and down with the 
weight. 

364. The pulley is arranged among 
the simple mechanical powers ; but when 
several are connected, the machine is 
called a system of pulleys, or a com- 
pound pulley. 

365. One of the most ob\4ous ad van- ^^%mpie PyUev, 
tages, of the pulley is, its enabling men 

to exert their own power in places where they can not go them- 
selves. Thus, by means of a rope and wheel, a man can stand 
on the deck of a ship, and hoist a weight to the topmast. 

366. By means of two fixed pulleys, a weight may be raised 
upward, while the power moves in a horizontal direction. The 
weight will also rise vertically through the same space that the 
rope is drawn horizontally. 

361. What is said of the application of this rale to complex macbinesl 962. Wbtt 

's a pulley 1 363. What is a simple pulley 7 364. What is a system of puUejs, or a 

"npound pulley 7 365. What is the most obvious advantage of the pullej f 981 

w must two fixed pulleys be placed to raise a weight Tertically as &r u tfu 

rer goes horizontally 7 




Fig, 73, representa two fixed 
pallejB, as they ore arraDged for 
such a purpose. In the erection 
of a lof^ edifice, suppose the up- 
per puBey to be suspended to 
some part of tiie buildjng ; then 
a horse pulling at the rope, A, 
would raiso the weight, W, ver- 
tically, as &r as h« went hori- 
zontally. 

367. In the use of the wheel 
of the pulley, there is no mechan- 
ical advantage, except that which 
arises from removing the &iction, 
and diminishing the in 

In the mechanical i 
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icrfect flexibility of the rope. 

ects of this machine, the result would 

be the same did it slide on a smooth surface with the same 

ease that its motion makes the wheel revolve. 

368. The action of the pulley is on a dif- Fia. 7*. 

ferent principle from that of the wheel and 

axle. A system of wheels, as already ex- 
- pluned, acts on the same principle as the 
^ compound lever. But the mechanical efiica- 
£ cy of a system of pulleys is derived entirely 
I from the division i^ the weight among the 
E strings employed in smpending it. 
E 369. In the use of the single fixed pul- 
r ley, there can be no mechanical advan- 
f t^, since the weii;ht rises as fast as the 
r. power descends. This is obvious by Fig. 
I 74, where it is also apparent that the power 

• and weight must be equal, to balance each 

* other, as already shown. 
^- In the MDgle movable pulley. Fig. 74, the 

same rope passes from the fixed point. A, to 

the power, P. It is evident here, that the weight i« 
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- , , , ^ ^ supported 

equally by the two parts of the string between which it nni^gs. 
Thereure, if we call the weight, W, t«n pounds, five pounds 
will be supported by one string, and five by the other. The 
power, then, will support twice its own weigut; so that a per- 



iDUitaxnl ptUliyl WhUvt 



«b«l of lti« pnllef 1 a6S. How doa I 
(I P, ri(. 74, wlU biluei tc 
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son pullinfT with a force of fire pounds at F, irill nuta ten 
pounds at W. The mechanlca) force, therefiwe, in i«Bpw>t to At 
power, is as two to one. 

In this example, it is auppoeed there are <Miljr two iop«, each 
of which bears an equal part <f the wdght. 




370. Compound Pulley. — If the unntbeT of ropsB be in- 
creased, the weight may be increaaed with the same power ; or 
the power may be ditninishLil in proportion as the number of 
ropes is increased. In Fig. 75, the number of ropes soBtaining 
the weight is four, and therefore, the weight may be four times 
as great as the power. This principle must be oviilent, since it 
is plain that each rope sustains an equal part of the weight 
The weight may, therefore, be considered aa divided into four 
parte, and each part sustained by one rope. 

370. BunpoH the nombsr of ropM be incrHMd, and Ihe weiihl IncmMd, motf lU 
power be lucreaKd alul Suppon (be wciihi, Vit-K, to be lUrtj-lwo v^aait. 
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871. In Fig, 76, there is a system of pulleys represented, in 
which the weight is sixteen times the power.- 

The tension of the rope, D E, is evidently equal to the power, 
P, because it sustains it D, being a movable pulley, must sus- 
tain a weight equal to twice the power \ but the weight which 
it sustains, is the tension of the second rope, D C. Hence, the 
tension of the second rope is twice that of the first ; and, in 
hke manner, the tension of the third rope is twice that of the 
second, and so on, the weight being equal to twice the tension 
of the last rope. 

372. Suppose the weight, W, to be sixteen pounds ; then the 
two ropes, 8 and 8, would sustain 8 pounds each, this being 
the whole weight divided equally between them. The next 
two ropes, 4 and 4, would evidently sustain but half this whole 
weight, because the other half is already sustained by a rope 
fixed at its upper end. The next two ropes sustain but half of 
4, for the same reason ; and the next pair, 1 and 1, for the 
same reason, will sustain only half of 2. Lastly, the power, P, 
will balance two pounds, because it sustains but half this weight, 
the other half being sustained by the same rope, fixed at its 
upper end. 

It is evident that, in this system, each rope and pulley which 
is added will double the effect of the whole. Thus, by adding 
another rope and pulley beyond 8, the weight, W, might be 32 
pounds, instead of 16, and still be balanced by the same power. 

373. In our calculations of the effects of pulleys, we have 
allowed nothing for the weight of the pulleys themselves, or for 
the friction of the ropes. In practice, however, it will be found 
that nearly one-third must be allowed for friction, and that the 
power, therefore, to actually raise the weight must be about 
one- third greater than has been allowed. 

374. The pulley, like other machines, obeys the laws of 
virtual velocities, already applied to the lever and wheel. Thu%^ 
" tn a 9y8tem of pulleys^ the ascent of the weight, or resistance, 
is as much less than the descent of the power as the weight is 
greater than the power, ^^ 1% as in the last example, the weight 
is 1 6 pounds, and the power 1 pound, the weight will rise only 
1^ foot, while the power descends 16 feet. 



Sn. Explain Fig. 76, and show what part of the weight each rope inistains. and 
why one pound at P, will balance sixteen pounds at W. 372. Explain the reason 
why each additional rope and pulley will double the effect of the whole, or why its 
weifht may be double that of all the others with the same power. 373. In compound 
maonines, how much of the power must be allowed for the friction ? 374. What 
feneral law applies to the pulley 1 



376. In the siogle fixed pullej', tha weight and powet m 
equAl, and, consequently, the weight raea U hat aa the po«<r 
descends. 

With Huch a pulley, a man may raise himself np to the mail- 
head by his own weight. Suppose a mpe is thrown over ■ 
pulley, and a mstn ties one end of it round his body, and takes 
the other end in hb hands ; he mar raise himself up, becante, 
by pulling with his hands, he has the power of throwing mora 
of his weight on that side than on the other, and when he does 
this, his body will rise. Thus, although the power and the 
weight are the same individual, still the man can chuige his 
center of gravity so as to make the power greater than iha 
weight, or the weight greater than tlte power, and thus caa 
elevate one half of his weight in siicceasion, > 



Sl6. In all the pulleys we have described, 
there is a great detect, m consequence of the 
diffurent velocities at which the several wheels 
turn, and the consequent friction to which 
some of them are subjected. 

377. It has been an object among mechan- 
ical philosophers, to remedy this defect by 
inventing a system of pulleys, the wheels of 
which should all revolve on tbeir axles in the 
same time, each making the same number of 
revolutions, notwithstanding the different 
lengths of rope passing over them, and thus 
avoid a defect common to thoae in use. 

378. This o!)ject seems to have been fhlly 
attained by Mr. James Wbite, whose inven- 
tion is represented by Fiij. If, and which will 
be understood by the following description. 
In order that the successive wheeb should re- 
volve in the same time, and tlieir circumfer- 
ences should be just equal to the length of 
rope passing over them, Mr. White made 
tbem all of ilifFerent diameters. By this con- 
struction, altliougb the length of rope pacing 
over each was ditferent, yet their revolutions 
are equal, both with respect to time and num- 
ber. 

Bt tliis arrangement all the friction is 
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avoided, except that of a pivot at each end, and the lateral fric- 
tion of a single wheel. A single rope sustains the whole, and as 
in other systems, the weight is as many times tlie power as there 
are ropes sustaining the lower block. This is considered the 
most perfect system of pulleys yet invented. 

THE INCLINED PLANE. 

379. This power J the most simple of all machines, c(msistsfof 
a hard, smooth ptane, inclined to the horizon in varicms degrees. 

It is the foi^rth me- 
chanical power, and is ^®- ^• 
represented by Fig, 78, 
where from A to B is 
the inclined plane ; the 
line from D to A, is its 
height, and that from 
B to D, its base. 

A board with one end 
on the ground, and the other resting on a block, becomes an 
inclined plane. 

380. This machine being both useful and easily constructed, 
is in very general use, especially where heavy bodies are to be 
raised only to a small height Thus a man, by means of an 
inclined plane, which he can readily construct with a board, or 
couple of bars, can raise a load into his wagon, which ten men 
could not lift with their hands. 

381. The power required to force a given weight up an in- 
clined plane, is in proportion to its height, and the length of its 
base, or, in other words, the force must be in proportion to the 
rapidity of its inclination. 




Inclined Plane. 



382. ITie power, P, 
Fig, 79, pulling a weight 
up the inclined plane, 
from C to D, only raises 
it in an oblique direction 
from E to D, by acting 
along the whole length 
of &.e plane. If the 



FIG. 79. 




IncHned Plane. 



375. How may a man raise himself ap by means of a rone and single fixed pullejr 1 
876. What is a great defect in the common pulley 1 377. In what manner 's "t said 
that the defect with respect to friction might be remedle<l t m l>Jf|«''^->yiiXf ! 

EuIIey, and show how the defects in other pulleys are remedied bv this. 379. What 
I an Inclined plane 1 380. On what occasions is this power chiefly used 1 Suppose 
A man wants to put a barrel of older into his wagon, how does he make an Inclined 
plane ibr thia purpose 1 
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INCLINED PLANE. 



no. 80l 




intUned Plans, 



plane be twice as long as it is high, that is, if the line from C 
to D be double the length of that firom £ to D, thqn one poimd 
at P will balance two pounds any where between D and GL It 
is evident, by a glance at this figure, that were the base length- 
ened, the height from E to D being the same, a leas power 
at P would balance an equal weight any where on the indined 
plane ; and so, on the contrary, were tiie base made shorter, 
that is, the plane more steep, the . power must be increased id 
proportion. 

383. Suppose two in- 
clined planes, Fig, 80, 
of the same height, with 
bases of different lengths; 
then the weight and 
power will be to each 
other as the length of 
the planes. If the length 
from A to B is two feet, and that from B to C one foot» then 
two pounds at D will balance four pounds at W, and so in this 
proportion, whether the planes be longer or shorter. 

384. The same principle, with respect to the virtual veloci- 
ties of the weight and power, applies to the inclined plane, in 
common with the other mechanical powers. 

Suppose the inclin- 
ed plane. Fig. 81, to HO. 8L 
be two feet from A to 
B, and one foot from 
C to B, then, as we 
have already seen by 
Fig. 79, a power of 
one pound at P, would 
balance a weight of 
two pounds at W. 
Now, in the fall of the 
power to draw up the 
T^eight, it is obvious 
that its vertical de- 
scent must be just twice the vertical ascent of the weight ; for 




Indined PUme. 



351. To roll a given weight up an Inclined plane, to what must the force be pro- 
portioned 1 382. Explain Fig. 79. 383. If the length of the long plane, Pig. m, be 
double that of the short one, what must be the proportion between the power and 
the weight 1 384. What is said of the application of the law of virtual Teiocitin to 
the inclined plane 1 Explain Fig. 81, and show why the power must fall twiee u te 
as the weight rises. 
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the power must fall down the distance from A to B, to draw 
the weight that distance ; but the vertical height to which the 
weight W is raised, is only from C to B. Thus the power, be- 
ing two pounds, must fall two feet, to raise the weight, four 
pounds, one foot ; and thus the power and weight, multiplied 
by their several velocities, are equal. 

When the power of an inclined plane is considered as a ma- 
chine, it must therefore be estimated by the proportion which 
the length bears to the height ; the power being mcreased in 
proportion as the elevation of the plane is diminished, 

885. Application to Roads. — Hilly roads may be regarded 
as inclined planes, and loads drawn upon them in carriages, 
considered in reference to the powers which draw them, are 
subject to all the conditions which we have stated, with respect 
to inclined planes. ■ * > ^ 

The power required to draw a load up a hill, is in proportion 
to the elevation of the inclined plane. On a road perfectly 
horizontal, if the power is sufficient to overcome the friction, 
and the resistance of the atmosphere, the carriage will move. 
But if the road rise one foot in fifteen, besides these impedi- 
ments, the moving power will have to lift one fifteenth part of 
the load. 

386. Now, where is there a section of country in which the 
traveler is not vexed with roads, passing straight over hills, 
when precisely the same distance would carry him around them 
on a level plane? To use a homely, but very pertinent illustra- 
tion, ** the bale of a pot is no longer, when it lies down, than 
when it stands up." Had this simple fact been noticed, and its 
practical bearing carried into effect by road makers, many a 
high hill would nave been shunned for a circuit around its base, 
and many a poor horse, could he speak, would thank the wis- 
dom of such a decision. 

THE WEDGK. 

887. The next simple mechanical power is the wedge. This 
instrument mxiy he considered as two inclined planes^ placed 
base to base. 

It is much employed for the purpose of splitting or dividing 
solid bodies, such as wood and stone. 



How do the principles of the inclined plane apply to roads 1 386. What is 

•aid about the bale of a pot, as applied to road making 1 387. On what principle 
doss the wedge act 1 In what case is this power useful 1 



OS BORET. 

S88. Fig. 62 represents sach a vedge u is 
usually emplojed is cleaving timber. TMh in- 
atrument is abo used in raising ships, and pre- 
paring them to lauDcli, and for a variety of other 
purposes. Nails, awls, needles, and many cut- 
ting inatruments, act, more or less, on the prin- 
ciple of this machine. 

380. There is much difficulty in eatimatjng 
the power of the wedge, since this depends on 
the force, or the number of blows given it, to- 
gether with the obliquity of its sides. A wedge 
of great obliquity would require hard blows to 
drive it forward, for the same reason that a 
plane, much inclined, requires much force to roll 
a heavy body up it. But were the obliquity (rf ~° " 

the wedge, and the force of each blow given, sljll it would be 
difficult to ascertain the exact power of the wedge in ordinary 
cases, for, in the splitting of timber and stone, for instance, ths 
divided parla act as levers, and thus greatly increase the power 
of the wedge. Thus, in a log of wood, six feet long, when spU 
one half of its length, the other half is divided with ease, Be- 
cause the two parts act as levers, the lengtiis of which ooii- 
stantly increase, as the cleft extends Irom the wedge. 



890. ITie screw ia the sixtk and last timple meehaiumil poiter. 
It may be considered as a modification of the inclined pUait, or 
03 a TniTiding wedge. 

391. It is an inclined plane run- FiO- BSl 

ning spirally round a spindle, as will 
be seen by Fig. 83. Suppose a to 
be a piece of paper, cut into the form 
of an inchned plane and rolled rouod 
the piece of wood d; its edge would 
form the spiral lino, called the thread 
of the screw. K the finger be placed 
Iwtween the two threads of a screw, 
and the screw be turned round once, 
the finger will be raised upward equal to the distance of the two 



"mnditig WHg*. 






threads apart. In this manner, tiie finger U raised up the 
inclined, plane, as it runs round the cylinder. 

The power of the screw is transmitted and emp'oyed by 
means of another screw called the nut, through which .t passes. 
This has a spiral groove running through it, which exa- tiy fits 
the thread of the screw. 

If the nut is fixed, the screw itself, on turning it roun^.l, ad- 
vances forward ; but if the screw b fixed, the nut, when tuioed, 
advances along the screw. 

892. Fiff. 84 represents the first kind of screw, being such 
as is commonly used in pressing paper, and other substances. 
Tho nut, S, through vhidi the screw passes, answers also for 
one of the beams of the press. If the screw bo turned to the 
light, it will advance downward, while the nut stands still. 




393. A screw of the second kind is represented by ^"151. 86. 
Id this, the screw is fixed, while the nut, N, by being turned by 
tlw lever, L, from right to left, will advance down the screw. 

394. In practice, the screw is never used as a simple me- 
dianical machine; the power being always apphed by means 
of a lever, passing through the head of the screw, as in Fi^. 
34, or into the nut, as in Mg. 85. 

395. Power of the Screw. — -The icreie acts uiith the com- 
iined power of the inclined plane and the lever, and its force it 

iJ^Amtr from Fii.'ss r* 3M. ulhE Krew evtr ustrt u > Bimp^f mmbinel Bj 
*W(i«ple DQwcr Is II mo^td ) 3S6. Whu Iho nmple mecbuiluil powsn m 
ftttcvoca in ui« InrcB of (b« Krew 1 
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»uck as to he limited only by the strength of the materials af 
which it is made. 

In investigating the effects of this machine, we must^ there- 
fore, take into account both tliese simple mechanical powers, bo 
that the screw now becomes really a compound engine. 

396. In the inclined plane, we have aheady seen, that the 
less it is inclined, the more easy is the ascent up it In apply- 
ing the same principle to the screw, it is obvious, that the 
greater the distance of the threads from each other, the more 
rapid the inclination, and consequently, the greater must be 
the power to turn it, under a given weight. On the oontraiy, 
if the thread inclines but shghtly, it will turn with less power, 
for the same reason that a man can roll a heavy weight up a 
plane but little inclined. Therefore, the finer the screw, or the 
nearer the threads to each other, the greater will be the pres- 
sure under a given power. 

397. Let us suppose two screws, the one having the threads 
one inch apart, and the other half an inch apart; then the 
force which the first screw will give with the same power at the 
lever, will be only half that given by the second. The second 
screw must be turned twice as many times round as the first, to 
go through the same space ; but Avhat is lost in velocity is gained 
in power. At the lever of the first, two men would raise a 
given weight to a given height, by making one revolution; 
while at the lever of the second, one man would raise the same 
weight to the same height, by making two revolutions. 

398. It is apparent that the length of the inclined plane, np 
which a body moves in one revolution, is the circum^rence of 
the screw, and its height the interval between the threads^ 
The proportion of its power Avould therefore be '^ cm ^ circum- 
ference of the screw, to the distance between the threadSy so it 
the weight to the 'power P 

399. By this rule the power of the screw alone can be found; 
but as this machine is moved by means of the lever, we must 
estimate its force by the combined power of both. In this c«e, 
the circumference described by the end of the lever employr^ 
is taken, instead of the circumference of the screw itselt Tbe 
means by Avhich the force of the screw may be found, is there- 
fore, by multiplying the circumference which the lever descriLes 
by the power. 



396. Why does the nearness of the threads make a difference in the force of tk 
screw 1 397. Suppose one screw, with its threads one inch apart, and KDother Wf 
an inch apart, what will be their difference in force 1 398. Whftt in the lenttborib 
inclined plane, up which a body moves by one revolution of the lerew 1 ^^ 
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400. Thus, " the power multiplied hy the circumference which it 
describes^ is equal to the weight or resistance^ multiplied hy the 
distance between the two contiguous threads^ Hence the 
efficacy of the screw may be increased, by increasing the length 
of the lever, or by diminishing the distance between the threads. 
I^ then, we know the length of the lever, the distance between 
the threads, and the weight to be raised, we can readily calcu- 
late the power ; or, the power being given, and the distance of 
the threads and the length of the lever known, we can estimate 
the weight the screw will raise. 

401. Thus, suppose the length of the lever to be forty inches, 
the distance of lie threads one inch, and the weight 8000 
pounds ; required, the power, at the end of the lever, to raise 
the weight. 

The lever being 40 inches, the diameter of the circle, which 
the end describes, is 80 inches. The circumference is a httle 
more than three times the diameter, but we will call it just 
three times. Then, 80x3=240 inches, the circumference of 
the circle. The distance of the threads is 1 inch, and the weight 
8000 pounds. To find the power, multiply the weight by the 
distance of the threads, and divide by the circumference of the 
circle. Thus, 

Circum. In. Weight. Power. 

240 : 1 : : 8000 : 33+ 

The power at the end of the lever must therefore be 33-^ 
pounds. In practice, this power would require to be increased 
about one-third, on account of friction. 

402. Perpetual Screw. — The force of the screw is some- 
times employed to turn a wheel, by acting on its teeth. In this 
case it is called the perpetual screw. 

403. Fig, 86 represents such a machine. It is apparent, 
that by turning the crank C, the wheel will revolve, for the 
thread of the screw passes between the cogs of the wheel. By 
means of an axle, tiirough the center of this wheel, like the 
common wheel and axle, this becomes an exceedingly powerful 
machine, but hke all other contrivances for obtaining great 
power, its effective motion is exceedingly slow. It has, how- 
ever, some disadvantages, and particularly the great friction be- 

400. How is the force of the screw estimated ? How may tho efficacy of the screw 
be increased 7 401. The length of the lever, the distance between the threads, and 
the weight being known, how can the power be found 7 Give an example. 402. 
Wbat ic the screw called when it is employed to turn a wheell 403. Explain Fig. 
86. What is the obteetion to this machine for raising weights 7 
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tween tha thread of the screw and 
tho teeth of tlie wheel, which pre- 
venta it from being generally em- 
ployed to rwse weights. 

404. All thrre Mboiianical 

PoWEnS RESOLVED INTO TlIREB. 

Wo hnvo now enumerated snd de- 
Bcribed all the meclianical powers 
usuall)'denorainatctlsinip]e. They 
are six in number, namely, the 
Lever, Wheel and Axle, Pulley, 
Wedge, InelinedPlnne,Bnd Screw. 

405. In respect to the principlea 
on which they act, they may Ix 
powers, namely, tlie lever, the inclined plane, and the pnDey; 
for it has been shown that the wheel and oile is only anotho 
form of the lever, and that tho screw is but a modificatioQ d 
the inclined plane. 

It is surprising, indeed, that these simple powers can be m 
arranged and modified, as to produce the different actioni in ill 
that vast variety of intricate machinery which men have in- 
vented and constructed. 

406. Card Machine. — The variety of motions we witneniii 
the little engine which makes cards, by being- supplied with 
wire for the teeth, and strips of leather to sUek them throng, 
would itself seem to involve more mechanical powers than thoM 
enumerated. This engine takes tho wire from a reel ; bends it 
into the form of leetli ; cuts it ofT; makes two holes in tie 
leather for the tooth to pass through ; sticks it through ; then gires 
it another bend on the opposite side of the leather ; graduaUa 
the spacea between the rows of teeth, and between one tooth 
and another ; and, at the same time, carries the leather back- 
ward and forward, before tho point where the teetfa are intro- 
duced, with a motion bo exactly corresponding with the motiona 
of the parts which make and stick tho teeth, as not to produce 
the difference of a hair's breadth in the distance between them. 

All this m done witiiout the aid of human hands, tmj&rther 
than to put the leather in its place, and turn a crank; or, in 
some instances, many of these machines are turned at once, by 
means of three or four dogs, walking on an inclined pl&ne whidi 
revolves. 
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^ 407. Such a luachiDe displays the vonderfnl ingenuity ^d 
neneverance of man, and at first sight would seem to act at 
■■Qglit the idea that the lever and wheel are the chief simple 
powers concerned in ila motions. But when these motions are 
Bzaroined singly and deliberately, we are soon convinced that 
tb& wheel variously modified, is the principal mechanical power 
in the -whole enginej^ 

408. Use oir MA^tWEar. — It has already been stated, (354,) 
tliat notwithstanding the vaat deal of time and ingenuity which 
men have epent on the construction of machinery, and iu 
attempting to multiply their powers, there has, as yet, been 
none produced, in which the power was not obtained at the 
expense of velocity, or velocity at the expense of power ; and, 
fterefore, no actual force is ever generated by machinery. 

When men employ the natural elements as a power to over- 
come re^tancti hy means of machinery, there is a vast saving 
jOf animal labor. Thus mills, and all kinds of engines, which 
are kept in motion by the power of water, or wind, or steam, 
save aninaal labor equal to tLe power it takes to keep them in 
motjon. 

409. Five Mecbanical Poweriinonelifachine. — Anen^eer, 
it is swd, for the purpose of drawing a ship out of the water to 
be repaired, combined the mechanical powers represented by 
Pig. 87, and perhaps no machine ever constructed g^ves greater 
fcrae with so small a power. 



FIG. ST. 




It involves the lever A, wheel and axle B, the pulley 0, the 
inclined plane D, and the screw E. 

407 Wbat artlhe chief mHh&DlCBl Dowere roncn-ntd )q LIB DioIioiHl 406. b 
thers' iny ula.l force genenued by mMhlnerT t Wlrst I. nld of emptoyli* Ih; 
Mtni*[ element! u . pow.r 1 «9. Whsl are lie Ave nMchuiliia pow«r« emplojeil 
lnFI|.871 FolBIootontliBCulIlMplUBDf wslinower. 
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To estimate the force of tliis engine, it is necessary to know 
the length of the lever, diameter of the wheel, &c 

Suppose then, the sizes of the different powers are as fi)lr 
lows, viz. : — 

Length of the lever A, 18 inches. 

Distance of the tlircad E, 1 inch. 

Diameter of the wlieel B, 4 feet 

Diameter of the axle, 1 foot 

Pulleys C and D, D fixed, 4 strings. 

Height of the plane D, one-half its length, , . 2 feet 

Suppose the man turns the lever A, with the power equal to 
100 pounds, the force on the ship would thus be found, K>r the 
different laws and rules referring to each mechanical power. 

1. One hundred pounds on the lever A, would be- 
come a force by means of the screw on the wheel Poondi. 
Bof 11,809.76 

2. Diameter of wheel four times that of the axle, . 4 

45,239.04 

8. The number of pulley strings, 4 

180,956.16 
4. Height of the inclined plane half its lenth, . . 2 

861,912.82 

The force on the ship therefore would be equal to 861,912 
pounds, or about 161 tons. 



CHAPTER V. 

HYDROSTATICS. 



410. Hydrostatics is the science which treats of the toeight, 
pressure, and equilibrium of water, or other fluids^ when in a 
state of rest, 

411. Hydraulics is that part of the science of fluids which 
treats of water in motion, and the means of raising and con- 
ducting it in pipes, or otherwise, for all sorts of purposes. 



409. What must be known to estimate the power of this machine t WtiatlB the 
amount of force on the ship 1 410. What is hydrostatics 1 411. How does bydnnllci 
differ from hydrostatics 1 
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-The subject of water at rest, will first claim investigation, 
ince the laws which regulate its motion will be best understood 
by first comprehending those which regulate its pressure. 

412. A fluid is a substance whose particles are eaMly moved 
tmong each other^ as air and water. 

413. ITie air is called an elastic fluid, because it is easily 
ximpressed into a smaller bulk, and returns again to its original 
itate when the pressure is removed. Water is called a non- 
slastic fluid, because it admits of little diminution of bulk under 
pressure. 

414. The non-elastic fluids are perhaps more properly called 
Uquidsj but both terms are employed to signify water and other 
bodies possessing its mechanical properties. The term fluid^ 
when applied to the air, has the word elastic before it. 

415. One of the most obvious properties of fluids, is the 
fiftcility with which they yield to the impressions of other bodies, 
and the rapidity with which they recover their former state, 
when the pressure is removed. The cause of this, is the free- 
dom with which their particles slide over, or among each other ; 
their cohesive attraction being so slight as to be overcome by 
the least impression. On this want of cohesion among their 
^articles seems to depend the peculiar mechanical properties of 
these bodies. 

416. In solids, there is such a connection between the parti- 
des, that if one part moves, the other part must move also. 
But in fluids, one portion of the mass may be in motion, while 
the other is at rest. In solids, the pressure is always downward, 
or toward the center of the earth's gravity ; but in fluids, the 
particles seem to act on each other as wedges, and hence, when 
confined, the pressure is sideways, and even upward, as well as 
downward. 

417. Elasticity of Water. — ^Water has commonly been called 
a non-elastic substance, but it is found that under great pressure 
its volume is slightly diminished, and hence it is proved to be 
elastic The most decisive experiments on this subject were 
made many years ago by Mr. Perkins. 

418. These experiments were made by means of a hollow 
cylinder, Fig. 88, which was closed at the bottom, and made 
water-tight at the top, by a cap, screwed on. Through this 

412. What ifl a fluid ? 413 What is an elastic fluid ? Why is air caUed an elastic 
fluid 1 414. What substances are called liquids? 415. What is one of the most ol^ 
▼ious properties of liquids ? 416. On what do the peculiar mechanical properties of 
floids depend 1 In what respect does- the pressure of a fluid differ from that of a 
■olid ? 417. li water an elastic, or a non-elastic fluid ) 4ia Describe Fig. 88, and 
■liow how water was found to be elastic 
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cap, at A, pasBftd tlie rod B, which was five-siitoentha 
of an imii in diameter. The rod wa» m nicely fitted 
to the cap, as iilw to be watci^tight. Around the 
rod at C, Uicre was placed a. Raxthh ring, which conld 
be easily pushed up or down, but fitted so closely as 
to remain on any part wLere it was placed. 

A cannon of sufficient size to receive this cylinder, 
which was three inches in diameter, was furnished 
with a strong cap and forcing pump, and set Terti- 
colly iDlo the ground, llie cannon and cjliuder 
were next filled with water, and the cylinder, with 
its rod drawn out, and the ring placed down to the 
cap, as in the figure, was plunged into the cannon. 
The water in the cannon was then subjected to an 
immense pressure by means of the forcing pump, 
after which, on examination of the apparatus, it was 
found that the ring C, instead of being where it waa placed, w» 
eight inches up tlio rod. The water in the cylinder beirjc vatfl 
pressed into a smaller space, by the pressure of that in t£e eu- 
Don, the rod was driven in, wliile under pressure, but was foitcd I 
out agtun by the expansion of the water, when the preasnn 
was removed. Thus, the ring on the rod would indicsla tba 
distance to which it had been forced in, during the greatat 
pressuK. 

419. Tliis experiment proved that water, under the premiTe 
of one thousand atmospheres, that is, the weight of 16,000 
pounds to the square inch, was reduced in bulk about one wt 
in 24. 

So slight a degree of elasticity under such immense piosmre, 
is not appreciable under ordinary cireumstance, and therdcoe 
in practice, or in common ciperiments on this fluid, water ii 
considered as non-elastic 



420. T/if parlielea of tvater, and other Jluidt, tcA«n eonfiud, 
press on the vessel jekieli confines litem, i» all directions, both 
upmat-d, dowMvard, and sklewai/n. 

From this property of fluids, together with their weight, vcij 
uuexjjcctcd and surprising eticetH arc produced. 

The effect of this property, which we shall first examine, is, 

4]!l. In i*hat proportlnn Uonlhetiutk of wnttr diminish nnder a pmnm of ISJU 
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tbat A quaotity of water, however small, will balance Another 
quantity, however large. Such a proposition at first thought 
might seem very improbable. But on exsrainatio'n, we shall 
Sod that an experiment with a very simple apparatus will coD- 
ieed, we every day see this prin- 
n directly. 






e of ila truth. Indeed 



FIO. S9. 



dpie eatabltshed by actual experiment, a 

421. f^ff. 86, represents a common 
coffee-pot, supposed to be filled up to the 
dotted line A, with a decoction of cc^ee, 
or any other liquid. The coffee, we know, 
stands exactly at the same height, both in 
the body of the pot, and in its spout. 
Therefore, the fmail quantity in the spout, 
balances the large quantity in the pot, or 
presut with the tame force dmenteard, as 
thai in the body of the pot presses up- 
tBord. This is obviously true, otherwise, the large quantity 
would sink below the dotted line, white that in the spout would 
lise above it, and run over. 

422. The same prindple is more atrik- pis. 90. 
ingly illustrated by I'ig. 00. o 

Suppose the cistern A to be capable of 
holding one hundred gallons, and into its 
bottom there be fitted the tube B, bent, 
«s seen in the figure, and capable of con- 
Uiuing one gallon. The top of the cis- 
tern, and that of the tube, being open, 
pour water into the tube at C, and it will 
rise up through the perpendicular bend 
into the cistern, and if the process be con- 
taoued, the cistern will be filled by pour- 
ing water into the tube. Now it is plain, 
that the gallon of water in the tube presses against the hun- 
dred gallons in the cistern, with a force equal to the pressure of 
(be hundred gallons, otherwise, that in the tube would be forced 
upward higher than that in the cistern, whereas, we find that 
(he surfaces of both stand exactly at the same height. 

423. From these experiments we learn, " that Ike pressure 
i^a fluid it not in proportion to its quantilt/, but to its heiffhl, 
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and that a lari/e quantity of water in an open vetael, prma 
vnlh no more force than a small quantity of the lame heigiU.' 
424. Pretsure equal in Vesteli rf all Sitet and jSAopa.— 
The Hize or slmpe of a vessel is of no consequence, for if a num- 
ber of vesaels, differing entirely from each other in figure, pari- 
tion, and cupftcity, have a communication made between 1haI^ 
and one bo filled with water, the Bui&ce of the fluid, in Bll,iriS 
be at the aamo elevation. If^ therefore, the water etands at n 
eijual height in all, the pressure in one must be just eqnal to 
tliut in another, and so equal to tliat in all the othen. 
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425. To make this obvious, suppose a niiraber of veseela, rf 
different shapes and sizes, ns represented by Ftp. 91, to have > 
commuuication between them, by means cf a small tube, psw- 
ijiff from the one to tlie other. If, now, one of tlieso vessels be 
filled with water, or if water be poured into the tube A, all llie 
other vessels will be filled at tho_ same instant, up to the line 
B C. Therefore, the pressure of the water in A, balances tliat 
in 1, 2, 3, &e., while the pressure in each of these vessels i> 
equal to that in the other, and so an equilibrium is produced 
throughout the whole series. 

426. If an ounce of water bo poured into the tube A, it wiD 
produce a pressure on the contents of all the other vessels, equal 
to the pressure of all the otlicrs on the tube : for, it will force 
the water in all the other vessels to rise upward to an equal 
height to that in the tube itself. Hence, wo must conclude, 
that the pressure in each vessel is not only equal to that in any 
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FIO. 92. 



of the others, but also that the pressure in any one is equal to 
that in all the others. 

427. From this, we learn that the shape or size of a vessel 
has no influence on the pressure of its liquid contents, but that 
the pressure of water is as its height, whether the quantity be 
great oj small. We learn, also, that in no case will the weight 
of a quantity of liquid, however large, force another quantity, 
however small, above the level of its own surface'.^ 

428. Now, by other experiments, it is ascertained, that the 
pressure of a liquid is in proportion to its height^ and the area 
of its base. 

Suppose a vessel, ten feet high, and two 

feet in diameter, such as is represented at 

A, Mp. 92, to be filled with water ; there 

would be a certain amount of pressure, at 

C, near the bottom. Let D represent an- 
other vessel, of the same diameter at the 

bottom, but only a foot high, and closed 

at the top. Now if a small tube, the fourth 

of an inch in diameter, be inserted into the 

cover of this vessel, and the tube be car- 
ried to the height of the vessel A, and then 

the vessel and tube be filled with water, 

the pressure on the bottoms and sides of 

both vessels at the same height will be 

equal, and jets of water starting from D 
and C will have exactly the same force, 
and spout to the same distance. 

This might at first seem improbable, but to convince our- 
selves of its truth, we have only to consider, that any impres- 
rion made on one portion of the confined fluid in the vessel D, 
is instantly communicated to the whole mass. Therefore, the 
water in the tube B, presses with the same force on every other 
portion of the water in D, as it does on that small portion over 
which it stands. 

429. Bursting a Cask, — This principle is illustrated in a 
very striking manner, by the experiment, which has often been 
made, of bursting a common wine cask with a few ounces of 
water. 




^. What conclusion is to be drawn from pouring the ounce of water into the tube 
AT What is the reason that a large quantity of water will not force a small quantity 
above its own level 1 Is the force of water in proportion to its height, or its quan* 
tity 1 428 How is a small quantity of water shown to press equal to a large quantity, 
by Rg. 92 1 429. Explain tne reason why the pressure is as great at D, as at C. 
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Sup]K>se A, Fig, 03, to bo such a cask, already no. A 

filled with water, and 8ui»i)oso the tube B, fifty __ 

feet high, to be screwed, water-tight, into ita 
head. When water is poured into the tube, 
BO as to fill it gradually, the cask will show in- 
crcaHing signs of pressure, by emitting the 
water through the pores of the wood, and be- 
tween the joints; and, finally, as the tube ia 
filled, the cask will burst asunder. 

430. The same apparatus will serve to illna^ 
trato the ui)ward pressure of water ; for, if a 
small stop-cock be fitted to the upper head, on 
turning tills, when tlie tube is filled, a jet of 
water will spirt up with a force, and to a height, 
that will astonish all who never before saw such 
an experiment. 

In theory, the water will spout to the same 
height with that which gives the pressure, but, Bttrning a cu 
in practice, it is found to fall short in the fol- 
lowing })roix>rtions : — 

431. If the tube be twenty feet high, and the orifice fofr the 
jet half an inch in diameter, the water will spout nearly nine- 
teen feet. If the tube be fifty feet high, the jet will rise up- 
ward of forty feet, and if a hundred feet, it wiU rise above eightj 
feet It is understood, in every case, that the tubes are to be 
kept full of water. 

The height of these jets shows die astonishing effects that a 
small quantity of fiuid produces when pressing from a perpen- 
dicular elevation. 

432. Hydrostatic Paradox. — This paradox, illostrated by 
Fiff, 94, ec»nsists in experimental proof of the principle already 
insisted on, that water presses according to its height, and not 
to its quantity. Fill a glass jar w ith water, and balance it on 
the scale-beam F, E, with small weights. Then pour out the 
water, leaving only an inch or two deep, letting the balance 
weights remain, lleplacing the jar, which will now stand 
higher than before, owing to the loss of water, introduce into 
it, by means of the crane, 11, a piece of wood a few lines smaller 
in all directions than the inside of the jar. The wood being 



llow is the ftame principle illii^tratod by Fi^;. 93 1 430. How may 1^. 93 be made 
to illiigtrnte the upward pressure of water 1 431. Under the pressure of a cohimn 
of water twenty feet high, wliat will be the height of the jet 1 Under a preamre of • 
hundred feet, how high will it rise ? 432. Whut does the liydrostatlc paradox ahowl 
BSxplain by the figure how the experiment is made. 
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Hydrostatic Paradox. 

adjusted by means of the thumb-screw, so that the water is 
made to rise around it exactly to the brim, or as high as it 
stood before any was poured out, (the wood not touching the 
glass,) and it will be found that it will exactly balance the 
weights, as it did when fiill of water, though it now contains 
only a tenth as much as before. 

The result will be the same if, instead of the wood, the same 
bulk of cork or lead be placed in the jar, the only point being, 
that, in each case, the water should rise to the same height. 

The above experiment proves, in a very striking manner, that 
the pressure of water is as its height ; and the reason why it 
makes no difference in the result whether the body placed in 
the jar be of wood, cork, or lead is, that the solid merely takes 
the place of the fluid, displacing its own bulk, and thus the 
weight remains just as though the water itself had remained in 
the jar. Thus, the pressure of a tenth part of the water, of 
equal height, equals the whole. 

433. Proof by Mercury. — In addition to the above proofs, 
that a small, will balance a large quantity of water, we add the 
following, perhaps the most satisfactory of all. 

Let A, B, C, Fig. 95, represent a glass tube, having at A, a 
collar cemented to the glass, into which vessels of different ca- 
pacities and shapes, may be screwed. The tube is first filled 
with mercury up to the level of the dotted line A C, and the 
tube G p^ fitted in its place. The vessel D, is then screwed 
into A, and water is poured in as far as A, the base of the column 

433. Ezpldn Fig. 95, and show in what manner different quantities of water will 
balaace the same weight of mercury. 
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of water being, as seen, J^* *• 

equal to that of tlie mer- 
cury. The fluid metal 
will rise, by the pressure 
of the water on A, up to 
^ in the small tube. Then 
unscrew D, and in its 
place ^J. the conical ves- 
sel E, and pour in water 
as before, and the same 
result will follow, and so 
with the small tube F; 
in each case, the height 
of the water, notwithstanding the difference in auantily, will 
force the mercury to exactly the same elevation.^ 

434. Hydrostatic Bellows. — ^An instrument called fhe 
hydrostatic bellows, also shows, in a striking manner, the great 
force of a small quantity of water, pressing in a perpenducnlar 
direction. 

This instrument consists of two 
boards, connected together with strong 
leather, in the manner of the common 
bellows. It is then furnished with a 
tube A, Fig. 96, which communicates 
between the two boards. A person 
standing on the upper board may raise 
himself up by pouring water into the 
tube. If the tube holds an ounce of 
water, and has an area equal to a 
thousandth part of the area of the top 
of the bellows, one ounce of water in 
the tube will balance a thousand ounces 
placed on the bellows. 

435. Hydrostatic Press. — This 
property of water was applied by Mr. 
Bramah, to the construction of his hydrostatic press. But 
instead of a Jiijfh tube of water, which in most cases could not 
be so readily obtained, he sulijstituted a strong fordng-pump, 
and instead of the leather bellows, a metallic pump, barrel, and 
piston. 




Hydnmteaie BettMU. 



434. What is the hydrostatic bellows 1 What property of water is this instrament 
desifrne<] to show? 435. Explain Fig. 97. Where is the piston 1 Which* is the 
pump-barrel in which it works? 
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■' This arrangement will be 
Understood by Fig. 97, where 
pie pump-barrel, A, B, is repre- 
jwnted as divided lengthwiie, 
fat order to show the inside. 
The piston, C, is fitted so ac- 
jBUrately to the barrel, as to 
^rork up and down water-tight ; 
both barrel and piston being 
made of iron. The thing to 
be broken or pressed, is laid 
on the flat surface, I, there be- 
ing above this, a strong frame 

to meet the pressure, not shown in the figure. The small 
forcing-pump, of which D is the piston, and H, the lever by 
wliich it is worked, is also made of iron. 
: Now, suppose the space between the small piston and the 
l^ttge one, at W, to be filled with water, then, on forcing down 
the small piston, D, there will be a pressure against the large 
piston, C, the whole force of which will be in proportion as the 
•perture in which C works, is greater than that in which D 
works. 

436. If the piston, D, is half an inch in diameter, and the 
piston, C, one foot in diameter, then the pressure on C will be 576 
times greater than that on D. Therefore, if we suppose the 
pressure of the small piston to be one ton, the large piston 
will be forced up against any resistance, with a pressure equal 
to the weight of 576 tons. 

437. It would be easy for a single man to give the pressure 
of a ton at D, by means of the lever, and, therefore, a m^n, with 
this engine, would be able to exert a force equal to the weight 
<tf near 600 tons. 

438. It is evident that the force to be obtained by this prin- 
ciple, can only be hmited by the strength of the materials of 
which the engine is made. Thus, if a pressure of two tons be 
ffiven to a piston, the diameter of which is only a quarter of an 
Bich, the force transmitted to the other piston, if three feet in 
diameter, would be upward of 40,0p0 tons ; but such a force 



436. Id the hrdrostatic press, what is the proportion between the pressure given 
by the small piston, and tne force exerted on the large one 1 437. What is the est!' 
BuUed force which a man could give by one of these engines? 438. If the pressure 
of two tons be made on a piston of a quarter of an incti in diameter, what will be the 
Ibrce transmitted to the other piston of three feet in diameter 1 
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is much too ^cat for the strength of any material with irlaA. 
we are acquainted. 

A small quantity of water, extending to a great elersiioo, 
would ^ve the pressure above described, it being only for the 
sake of convenience, that the fordng-pump is employed msteid 
of a column of water. 

430. Rupture of a Mountain, — ^There is no donbt^ but inihft 
operations of nature, great effects are sometimes produced among 
mountains, by a small quantity of water findmg its way to a 
reservoir in the crevices of the rocks far beneath. 

FIG. 98. 




Rupture of a Mountain, 

Suppose, in the interior of a mountain, at A, F%g, 98, there 
should be a space of ten yards square, and an inch deep, filled 
with water, and closed u]> on all sides ; and suppose that, in the 
course of time, a small fissure, no more than an inch in diam- 
eter, should be opened by the water, from the height of two 
hundred feet above, down to this little reservoir. The conse- 
quence might be, that the side of the mountain would buret 
asunder, for the pressure, under the circumstances supposed, 
would be equal to the weight of five thousand tons. 

440. Pra^sure on Vessels zoith Oblique Sides, — ^It is obvioiU) 
that, in a vessel, the sides of which are every whore perpendic- 
ular to each other, the pressure on the bottom will be as 
the height, and that the pressure on the sides will every where 
be equal, at an equal depth of the liquid. 

But it is not so obvious, that in a vessel having oblique sides, 



439. What is said of the pressure of water in the crevices of moantaini and to 
eflfectR 7 440. What is the pressure on the bottom of a vessel contaiiiinir a flaid eqiul 
to ? Suppose the sides of the vessel slope outward, what effect does this prodnc* oD 

the nr^maire 1 
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tiat is, diverging outward from the bottom, or converging from 

pie bottom toward the top, in what manner the pressure will 

me sustained. 

^ 441. Now, the pressure on the bottom of any vessel, no mat- 

iler what the shape may be, is equal to the height of the fluid, 

Und the area of the bottom, (428.) 

'' Hence the pressure on 

Bie bottom of the vessel fiQ- w. 

Uoping outward, Fig. 99, 
will be just equal to what 
it would be, were the sides 
. perpendicular, and the same _^^_ 

: would be the case did the Pressure on Diverging Sides. 

Bides slope inward instead 
■ of outward. 

In a vessel of this shape, the sides sustain a pressure equal to 
the perpendicular height of the fluid, above any given point. 
Thus, if the point 1 sustain a pressure of one pound, 2, being 
twice as far below the surface, will have a pressure equal to two 
pounds, and so in this proportion with respect to the other eight 
parts marked on the side of the vessel. On the contrary, did 
the sides of the vessel slope inward instead of outward, still the 
same consequences ensue, the vertical height in both cases mak- 
ing the pressure equal. For although in the latter, the eleva- 
tion is not above the point of pressure, the efiect is the same in 
each case. { 

PREflSUKB OF WATER IN FOUNDS, AT VARIOUS DEPTHS. 

442. The weight of a cubic inch of water at the temperature 
of 62°, is the 0.036Q65 fraction of a pound. A column of wa- 
ter one foot high, being twelve times the above, would there- 
fore be 0.4328 pounds. 

443. Now a square foot is 144 square inches, and therefore 
the pressure, or weight, of a square foot of water will be found 
by multiplying the above fraction by 144, which gives 62.3232, 
or nearly 62 and a third pounds. Omitting the decimals, a 
cubic foot of water is commonly estimated at 62 pounds. 

441. On the contrary, did the sides of the vessel slope in-ward exactly the same 
•mount of pressure according to the height, what would be the result 1 442. What 
is the weight of a cubic inch of water 1 443. What is the weight of a cubic foot of 
water? 

10* 
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The following table, founded on the sbove estiinates, maybe 
useful in determining the pressure of water in pipes or otlier 
vessels, of known depth. 



DBPTH IN FEET. 


FREiBURE PEE fQUAEE 


PRBBRTUB PER IQUARK 




INCH. 


VOOT. 




Pounds. 


Poundk 


1 


0.4328 


62^232 


2 


0.8656 


124.6464 


3 


1.2984 


186,9696 


4 


1.7312 


249.2928 


5 


2.1640 


311.6160 


6 


2.5968 


373.9392 


7 


3.0296 


436.2624 


8 


3.4624 


498^856 


9 


3,8952 


560.9088 


10 


4.3280 


623.2320 



Suppose it is required to know the pressure on the bottom 
of a vessel of water, 1 foot square and 20 feet deep, then it is 
found by doubling that of 10 feet deep, thus 623.2320x2= 
1246.464 pounds. The pressure on a tube equal to an indi 
square, and of an equal depth, is found by substitating inchcBfor 
feet, as above seen. ^^ ^^ 



WATER LEVEL. 



444. We have seen, that in whatever situation water » 
placed, it always tends to seek a level. Thus, if several vessels 
commuuicating with each other be filled with water, the fluid 
will be at the same height in all, and the level will be indica- 
ted by a straight line drawn through all the vessels as in ^iff, 91. 

It is on the principle of this tendency that tbe little instra- 
ment called the water level is constructed. 

445. Let A, Fig, 100, be a straight glass tube having two 
legs, or two other glass tubes rising from each end at right- 
angles. Let the tube A, and a part of the legs, be filled with 
mercury or some other liquid, and on the surfaces, a 6, of the 
liquid, let floats bo i)lacod, carrying upright wires, to the ends 
of which are attached sights at 1, 2. These sights are repre- 
sented by 3, 4, and consist of two fine threads, or hairs, stretdied 



445. Explain by Fig. 100, how an exact line may be obtained by acfjaMhif tho 
■ights. 
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FIG. 100. 









Improved Wetter Levd. 

wt right-aDgles across a square, and are placed at right-angles to 
Che length of the instrument. 

They are so adjusted that the point where the hairs intersect 
each other, shall be at equal heights abofe the floats. This ad- 
jnstment may be made in the following manner : — 

Let the eye be placed behind one of the sights, looking 
{hrough it at the other, so as to make the points, where the 
hairs intersect, cover each other, and let some distant object, 
eovered by this point, be observed. Then let the instrument 
he reversed, and let the points of intersection of the hairs be 
^wed in the same way, so as to cover each other. If they are 
obeerved to cover the same distant object as before, they will 
be of equal heights above the surfaces of the liquid. But, if the 
■ame distant points be not observed in the direction of those 
points, then one or the other of the sights must be raised or 
lowered, by an adjustment provided for that purpose, until the 
points of intersection be brought to correspond. The points 
will then be properly adjusted, and the line passing through 
them will be exactly horizontal. All points seen in the direc- 
tion of the sights will be on the level of the instrument. 

446. The principles on which this adjustment depends are 
easily explained : if the intersections of the hairs be at the same 
distance from the floats, the line joining these intersections will 
evidently be parallel to the lines joining the surfaces a, 6, of the 

44A. ExpUn the principle on wbich the water level with eights ie conetrocted. 
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liquid, and will therefore be level. But if one of these pomti 
be more distant from the floats than the other, the line jdniDg 
the intersections will point upward if viewed from the bwer 
sight, and downward if viewed from the higher one. 

The accuracy of the results of this instrument^ will be greatly 
increased by lengthening the tube A. 

447. Spirit Level. — The common ^^* ^• 
spirit level consists of a glass tube, 
Fiff. 101, filled with spirit of wine, ex- 
cepting a small space in which there 
is left a bubble of air. This bubble, spirit 
when the instrument is laid on a level 
surface, will be exactly in the middle of the tube, and therefore^ 
to adjust a level, it is only necessary to bring the bubble to thii 
position. 

The glass tube is inclosed in a brass case, which is cut onfc 
on the upi)er side, so that Uie bubble may be seen, as repre- 
sented in the figure. 

448. This instrument is employed by builders to level tluir 
work, and is highly convenient for that purpose, since it is onlj 
necessary to lay it on a beam to try its level, v, 

BPEOIFIO GRAVITT. 

449. If a tumbler he filled with water to the hrim^ and as 
e/7^, or any otJier heavy solidy be dropped into it, a quantity <f 
the fluid, exactly equal to the size of the egg, or other solid, viU 
he displaced, and will flow over the side of the vessel. Bodies 
which sink in water, therefore, displace a quantity of the fluid 
equal to their own bulks. 

450. Now, it is found by experiment, that when any soUd 
substance sinks in water, it loses, while in tlie fluid, a portion of 
its weight, just equal to that of the bulk of water which it dis- 
places. This is readily made e\ident by experiment. 

451. Take a i)ieco of ivory, or any other substance that wifl 
sink in water, and weigh it accurately in the usual manner; 
then suspend it by a thread, or hair, in the empty cup A, Fig. 
102, and balance it^ as shown in the figure. Now pour water 
into the cup, and it will be found that the suspended body ^\"ill 
lose a pai't of its weight, so that a certain number of grains 

447. Describe the common spirit level, and tlie method of using it. 448. Whatte 
the use of the level 7 449. How much water will an egg displace? 450. How much 
" will a cubic inch of any fiubstance weigh in water than in air 1 451. How ii it 
->d by Fig. 102, that a tiody weighs leas in water than in air 1 
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FIG. 102. 




Weighing in Water. 



Ibnst be taken from the 
opposite scale, in order to 
teake the scales balance as 
before the water was pour- 
'M in. The number of 
grains taken from the op- 
posite scale, show the 
weight of a quantity of 
water equal to the bulk of 
the body so suspended. 

452. It is on the prin- 
dlple, that bodies weigh less 
in the water than they do 
when weighed out of it, or 
in the air, that water be- 
eomes the means of ascertaining their specific gravities, for it is 
by comparing the weight of a body in the water, with what it 
weighs out of it, that its specific gravity is determined. 

Hius, suppose a cubic inch of gold weighs 19 ounces, and on 
being weighed in water, weighs only 18 ounces, or loses a nine- 
teentli part of its weight, it will prove that gold, bulk for bulk, 
18 nineteen times heavier than water, and thus 19 would be the 
specific gravity of gold. And so if a cube of copper weigh 9 
ounces in the air, and only 8 ounces in the water, then copper, 
bulk for bulk, is 9 times as heavy as water, and therefore has a 
specific gravity of 9. 

453. If the body weighs less, bulk for bulk, than water, it is 
obvious that it will not sink in it, and therefore weights must 
be added to the lighter body, to ascertain how much less it 
weighs than water. 

.. THie specific gravity of a body, then, is merely its weight 
compared with me same bulk of water ; and water is thus made 
the standard by which the weights of all other bodies are 
compared. 

454. Mow to take the Specific Gravity. —To take the specific 
gnyity of a solid which sinks in water, first weigh the body in 
the usual manner, and note down the number of grains it 
weighs ; then, with a hair, or fine thread, su&pend it from the 
bottom of the scale-dish, in a vessel of water, as represented by 
Jf'iff. 102. As it weighs less in water, weights must be added 
to the side of the scale where the body is suspended, until they 



4BL On what principle tre epecffle (raTttiea foand? 463. What it the epeoifie 
gnTitjofabodjI 454. How arethe specific graYitleeofeoUdbodiefl taken 1 
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exactly balance each other. Next, note down ih» nnmber of 
grains so added, and they will show the difierenoe between tha 
weight of the body in air and in water. 

455. It is obvious that the greater the specific gravity of the 
body, the loss, comparatively, will be this difference, becnn 
each body displaces only its own bulk of water, and Bome bodin 
of the same bulk will weigh many times more than othen. 

450. For example, suppose that a piece of platina, wa g faiM 
22 ounces, will displace an ounce of water, while a piece or 
silver, weighing 22 ounces, will displace two ounces d viter. 
The platina, therefore, when suspended as above described, viQ 
require one ounce to make the scales balance, while the laiin 
weight of silver will require two ounces for the same pmpoae. 
The platina, therefore, bulk for bulk, will weigh twice as nmch 
as the silver, and will have twice as much spedfic gravity. 

Having noted down the difference between the weight of the 
body in air and in water, as above explained, the spednc graidtj 
is found by dividing the weight in air by the loss in water. 
The greater the loss, therefore, the less will be the spedfie 
gravity, the bulk being the same. 

457. Thus, in the above example, 22 ounces of platina was 
supposed to lose one ounce in water, while 22 ounces of nlver 
lost two ounces in water. Now, 22 divided by 1, the Ion of 
the platina, is 22 ; and 22 divided by 2, the loss in the silver, 
is 11. So that the specific gravity of platina is 22, while tint 
of silver is 11. The specific gravities of these metals are, how- 
ever, a little less than here estimated. 

458. TABLE OF 8PECIFI0 G&ATITIKB. 

Antimony, 7 

Zinc, 7 

Cast Iron, 7 

Tin, 8 

Cobalt, 8 

Steel, 8 

Copper, 9 

Biflmutn, 10 

Silver, 10 

Lead, 11 

Gold, 19 

This table being intended for common use, the fractions are 
omitted, and the nearest round numbers only given. 



Platinum, SO 

" hammered, ...» 

Mercury, 14 

Agate, Si 

Sulphur, S 

Glaiss, orown, Si 

" flint, Z\ 

Rook, crystBl, Si 

Marble, SI 

Diamonds, Si 

Ruby, (oriental,) 4* 



455 Why does a heavy body weigh comparatively less in the water than a Ut 
one 1 45C. TIavinf; taken the difference between the weifrht of a bodj in air anobi 
water, by what nile is its specific frravity found 1 457. Give the example alatcd, ul 
show how the difference between the tpecific gravities of platina and tU^er ii''~~^ 
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459. T?ie hydrometer is an inatrument hy which the specific 
gravities offiaids are aacertaitied hy the depth to which the in- 
ttrument sinks below their surfaces. 

460. Suppose a cubic inch of lead loses, when weighed in 
irat«F, 253 grains, and, when weighed in alcohol, only £09 
grains, then, according to the principle already recited, a cubic 
mcb of water actually weighs 253, and a cubic inch of alcohol 
200 grtuna, for when a body is weighed in a fluid, it loses just 
the weight of the fluid it displaces, 

461. Water, as we have already seen, (453,) is the standard 
by which the weights of other bodies are compared, and by 
ascertaining what a given bulk of any substance weighs in wa- 
ter, and then what it weighs in any other fluid, the cotnpara- 
tive weight of water and tbis fluid will be known. For if, as in 
the above example, a certain bulk of water weighs 253 grains, 
and the same bulk of alcohol only 209 grains, then alcohol has 
a spedfic gravity nearly one-fourth less than water. 

462. It is on this principle that the hydrom- 
eter ia constructed. It is composed of a hoi- ^la im 
low ball of glass, or metal, with a graduated 
wale rising from its upper part, and a weight 
OD ils under part, whidi serves to balance it in 
the fluid. 

Such an instrument b represented by Fiff. 
103, of which B is the graduated scale, and A, 
Ibe weight, the hollow ball being between 

463. To prepare this instrument for use, 
weights in grains, or half-grains, are put into 
the little cup. A, until the scale b carried down 
■0 that a <ct.'rtain mark on it coincides exactly 
irith the surface of the water. This mark, 

then, becomes the standard of comparison he- _^ 

tween water and any other liquid in which the 
tydrometer is placed. 

464. If plunged into a fluid lighter than water, it will sink 
below the mark, and, consequently, the fluid will rise higher on 



a. Suppose > 
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the scale. If the fluid is heavier than water, the scale will rim 
above the surface in proportion, and thus it is ascertained in a 
moment whether auy fluid has a greater or less speoiflc gravity 
than water. 

To know precisely how much the fluid varies from the 
standard, the scale is marked off into degrees, which indicate 
grains by weight, so that it is ascertained very exactly how mudi 
the specific gravity of one fluid differs from that of another. 

465. Water being the standard by which the weights of 
other substances are compared, it is placed as the unit, or point 
of comparison, and is, therefore, 1, 10, 100, or 1000, the 
ciphers being added whenever there are fractional parts ex- 
pressing the specific gravity of the body. It is always unde^ 
stood, therefore, that the specific gravity of water is 1 ; and 
when it is said a body has a specific gravity of 2, it is only 
meant that such a body is, bulk for bulk, twice as heavy n 
water. 

466. If the substance is lighter than water, it has a specific 
gravity of 0, with a fractional part. Thus, alcohol has a specific 
gravity of 0.809, that w, 809, water being 1000. 

467. By means of tliis instrument, it can be told with great 
accuracy how much water has been added to spirits, for the 
greater the quantity of water, the higher will the scale rise 
above the surface. 

The adulteration of milk with water, can also be readily de- 
tected Avith it, for as new milk has a specific gravity of 1032, 
water being 1000, a very small quantity of water mixed with 
it would be indicated by tlie instrument 

THE BIPHON. 

468. Take a tube bent like the letter U, and, having filled it 
with water, place a finger on each end, and in tiiis state plunge 
one of the ends into a vessel of water, so that the end in tue 
water shall be a little the highest ; then remove the fingers and 
tlie liquid will flow out, and continue to do so until the yeoel 
is exhausted. 

469. A tube acting in this manner is called a siphoriy and is 



46.'). What is the Eitandard by which the weights of other bodies are compwedf 
What is the specific ^[ravlty of water? When it is said that the epecific graTity (tf • 
body is 2, or 4, what meaning is intended to be conveyed? 466. If al^hol bait 
specific fo-avity of 809; what, in reference to this, is the specific {pravitj of watcrl 
4G7. In what cases will the hydrometer detect fraud! 468. In what manner ill 
siphon made ? 4C9. Explain the reason why the water ascends throoch ooekf ol 
the siphon, and descends through the other 7 
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npreaented by Fig. 104. The reason nn. lot 

' WAf the water flows from the «Dd of 

the tube, A, and, consequeLtly, ascends ^ 

through the other part, is, that there 

is s greater weight of the fluid from B 

to A, than from C to B, because the 

perpendicular height from B (o A, is 

the greatest. The weight of the water 

from B to A, falling downward by its 

gravity, tends to form a vacuum, or 

void apace, in that leg of the tube ; but 

(be pressure of tLe atmosphere on the 

watw in die vessel, constantly forces 

the fluid up the other leg of the tube, 

to £11 the void space, and thus the stream is continued aa long 

u any water remains in the vessel. 

470. Applieatum of tie Siphon. — The siphon is employed 
ID draining mines, when there is a sufficient fall in the vicinity : 
it may also be uaed to convoy water over a hill, provided tne 
place where it is wauled is a foot or two loner tban the fountain. 




For this purpose, let A be a spring, Fi^. 105, situated be 
liind a hil^and it is desired to bring the water to B for &mily 
use. To do this, a lead tube, with a stop-cock at C, is carried 
over the hill, having also a stop-cock at each end. This done, 
and the two ends being closed, fill the two legs of the tube by 
pouring in water at C ; then C being closed, let one person open 
the stop-cock at B, and a moment after, open that at A, and 
tbe water will instantly begin to flow from the spring to the 
reswvoir, and if C ia kept closed, will continue to run bo long 
as the fouatun furnishes water. 



«n. xqiiiiBbT Ri- us. tu 
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The principle of the siphon has been explained mder 
Fig. 104. 



INTERMimNO SPRINGS. 



471. The action of the siphon depends upon the same prin- 
ciple as the action of the pump, namely, the pressure of the 
atmosphere, and, therefore, its explanation properly belongs to 
Pneumatics. It is introduced here merely for the purpose of 
illustrating the phenomena of intermitting springs, a subject 
which belongs to Hydrostatics. 

Some springs, situated on the sides of mountains, flow, finr a 
while, with great violence, and then cease entirely. After a 
time they begin to flow again, and then suddenly stop, as be- 
fore. These are called intermitting springs. Among igncmmt 
and superstitious people, these strange appearances have been 
attributed to witchcraft, or the influence of some supernatural 
power. But an acquaintance with the laws of nature will dis- 
sipate such ill-funded opinions, by showing that they owe thdr 
peculiarities to nothing more tban natural siphons, existing is 
the mountains from whence the water flows. 



FIG. 10$. 




Intermitting Spring. 

472. Fig. 106 is the section of a mountain and spring, shor 
ing how the principle of the siphon operates to produce the 
eflect described. Suppose there is a crevice, or hollow, in tfafi 
rock from A to B, and a narrow fissure leading from it, ii 
the form of the siphon, B C. The water from Sie rills F Ii 



471. What is an intermitting spring t 472. How is the phenomenon of tbo 
mitting spring explained 1 
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••■: -filling the hollow, up to the line A D, it will then discharge 
itself through the siphon, and continue to run until the water 
is exhausted down to the leg of the siphon B, when it will 
cease. Then the water from the rills continuing to run until 
the hollow is again filled up to the same line, the siphon again 
begins to act, and again discharges the contents of the reservoir 
as before, and thus the spring P, at one moment flows with 
great violence and the next moment ceases entirely. 

473. The hollow, above the line A D, is supposed not to be 
filled with the water at all, since the siphon begins to act when- 
ever the fluid rises up to the bend D. 

During the diy seasons of the year, ii is obvious, that such a 
spring would cease to flow entirely, and would begin again only 
when the water from the mountain filled the cavity through 
the rills. \A 

7^ 



CHAPTER YI. 

HYDRAULICS. 



474. It hxis been stated, (410,) tJiat Hydrostatics is that 
branch of Natural Philosophy, which treats of the weight, pres- 
sure, arid equilibrium of fluids, and that Hydraulics has for 
its object, the investigation of the laws which regulate fluids in 
motion. 

K the pupil has learned the principles on which the pres- 
sure and equilibrium of fluids depend, as explained under the 
former article, he will now be prepared to understand the laws 
which govern fluids when in motion. 

475. The pressure of water downward, is in the same pro- 
portion to its height, as is the pressure of solids in the same 
direction. 

476. Suppose a vessel of three inches in diameter has a billet 
of wood set up in it, so as to touch only the bottom, and sup- 
pose the piece of wood to be three feet long, and to weigh nine 

: pounds ; then the pressure on the bottom of the vessel will be 

472. Explain Fig. 106, and show the reason why such a spring will flow and cease 

to flow, alternately. 474. How does the science of Hydrostatics differ from that of 

iHydraollesI 476. Does' the downward pressure of water differ from the downwara 

pressure of solids, in proportion 1 476. How is the downward pressure of water 

Hlustratedl 
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niau pounds. If another billet of wood be set on tiiis, of tbs 
same dimeiuions, it will press on its top with the wdg^t of 
nine poundx, and the pressure at the bottom will be e^tecn 
pontids, and if it like billet be set on this, the pressure at the 
bottum will be twenty-seven pounds, sad so on, m this raljc^ to 
any height the column is carried. 

Now the pressure cf Huida is in the same proportion; and 
when confined in pipes, may be considered aa one abort column 
set on another, eiit.'n of which increases the pressure d the 
lowest, in proiiortion to their Dumber and height 

477. If a vessel, 
Fig. 107, bo filled 
with water,atid tlirie 
apertures be made 
in its side at E F G, 
the fluid will be 
thrown out in jeta, 
falling to the eurtb 
in the curved Unes 
shown. The reason 
why these curves 
difier in shape, is, 
that the fluid is actr 



above the jet, which produces ila velocity forward, and the se- 
tion of gravity, which impels it downward. It therefore oben 
tlie same laws that solids do when projected forward, and Ub 
down in curved lines, the shapes of which depend on theii rdi- 
tive velodties, {24(i.) 

478. The quantity of water discharged, being in proportioa 
to the pressure, when the oriflces arc the same, that disc^aised 
from each orifice will difler in quantity, according to the h^it 
of the water above it. 

479. It is found, however, that the velocity with which t 
vessel discharges its contents, does not depend entirely on tbt 
pressure, but in part on the kind of orifice through which the 
liquid flows. It might be expected, for instance, that a tin vtt- 




I dfsrrjbfd b. llie ielB from Iht vcwl, FIf. 107, dlHTk 
■8 acl unnll Tfie Maid (ih il l> drachaniFd, and hoH dg ft« 
Irad Its. Iii«hEipnipan(ondiiih*oriflo«di«ehMIt»i 
locitj wiih whlob K iluia li diKbu-fcd, dcpeDd eBllnV* 
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sel of a ^ven capacity, with an orifice of, say an inch in diam- 
eter, would part with its contents sooner than another of the 
same capacity and orifice, whose side was an inch or two thick, 
since the friction through the tin might be considered much 
less than that presented by the other orifice. 

480. But it has been found, by experiment, that the tin ves- 
sel does not part with its contents so soon as another vessel, of 
the same height and size of orifice, from which the water flowed 
through a short pipe. And, on varying the length of these 
pipes, it is found that the most rapid discharge, other circum- 
stances being equal, is through a pipe, whose length is twice the 
diameter of its orifice. Such an aperture discharged 82 quarts, 
in the same time that another vessel of tin, without the pipe, 
discharged 62 quarts. 

481. This surprising difference is accounted for, by supposing 
that the cross currents, made by the rushing of the water from 
different directions toward the orifice, mutually interfere with 
each other, by which the whole is broken, and thrown into con- 
fusion by the sharp edge of the tin, and hence the water issues 
in the form of spray, or of a screw, from such an orifice. A 
short pipe seems to correct this contention among opposing 
currents, and to smooth the passage of the whole, and hence 
we may observe, that from such a pipe, the stream is round and 
well defined. ^ 

482. Proportion between the Pressure and the Velocity of 
Discharge, — K a small orifice be made in the side of a vessel 
filled with any liquid, the liquid will flow out with a force and 
velocity equal to the pressure which the liquid before exerted 
on that portion of the side of the vessel before the orifice was 
made. 

Now, as the pressure of fluids is as their heights, it follows, 
that if several such orifices are made, the lowest will discharge 
the greatest, while the highest will discharge the least quantity 
of the fluid. 

The velocity of discharge, in the several orifices of such a 
vessel, will show a remarkable coincidence between the ratio 
of increase in the quantity of liquid, and the increased ve- 
locity of a falling body. 



480. What circumsUtnce, besides pressure, fecilitates the discharge of water from 
an orifice ? In a tube disenarginir water with the greatest velocity, what is the pro- 
portion between its diameter and its length 7 What is the proportion between (he 
foaotity of fluid discliarged through an orifice of tin and through a short pipe 1 481. 
[ow is this difference explained f 482. Wliat are the proportions between the to* 
loeiUes of diaebarfe and the heights of the orifices, as above explained 1 
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483. Thus, if the tall veaael, Fig. 108, 
of equal dimenBioDH throughout, be filled 
with the water, and a small orifice be 
made at one inch from the top, or below 
the surface, as nt 1 ; and anoUicr at 2, 4 
inches below this; another at 9 inches; 
a fourth at 10 inches ; and a fifth at 25 
indies ; then the velocities of discharge, 
from thene several orifices, will be iu pro- 
portion of 1, 2, 3, 4, 6. 

484. To make this more obvious, we 
will place the expressions of the several 
velocities in the upper lineof the following 
table, the lower numbers exprcKsing the 
depths of the several orifices. 




'. I 1 i 4 i 3 I 16 I 25 136 I 49 I 64 I ei I 100 I 



Thus it appears, as in falling bodies, that to produce a tiro- 
fbld velocity a, fourfold height is necessary. To obtain n thrw- 
ftild velocity of discharge, a ninefold height is required, and fix 
a fourfold velocity, sixteen times the height, and so in this pro 
portion, as shown by the table, (111.) 

In order to establish the iact, that the velocity with wlich i 
liquid spouts from an orifice, is equal to the velocity whidi 
a body would acquire in falling unonstructed from the sui&ca 
of the liquid to the depth of the orifice, it is only necessary to 
prove the truth of the principle in any one particular case. 

Now it ia manifestly true, if the orifice be presented dom- 
ward, and the column of fiuid over it be of small hei^t, lluD 
this indefinitely small column will drop out of the orifice l^tis 
mere effect of its own weight, and, therefore, with the euM 
Telocity as any other failing body ; but as fluids tranemit pre*- 
sure iu all directions, the same etlect will be produced, wbatenf 
may be the direction of the orifice. 

486. The rapidity with which water flows through pipes of 
the same diameter, is found to depend much on the naton 

4e3.irinFig. llK(>rlBpt>B>r:madeuI(hF<llsUnci!ori.4,9.1G,udSSInehn*oa 

Kvtd lh« I^evtl^>c1l7orllle^mll>g Hqiilillarqualln Ihal oT* falling bodrl tk, 
•fan a l«d lodnEiiiBa lube, of the nme diameter; which v 111 delitertlMnMHI 
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<rf their internal surfaces. Thus a lead pipe, with a smooth 
aperture, under the same circumstances, will convey much moro 
water than one of wood, where the surface is rough, or beset 
with points. In pipes, even where the surface is as smooth as 
glass, there is still considerable friction, for in all cases, the wa- 
ter is found to pass more rapidly in the middle of the stream 
than it does on the outside, where it rubs against the sides of 
the tube. 

486. The sudden turns, or angles of a pipe, are also found to 
be a considerable obstacle to the rapid 'conveyance of the water, 
for such angles throw the fluid into eddies or currents by which 
its velocity is arrested. 

In practice, therefore, sudden turns are generally avoided, and 
where it is necessary that the pipe should change its direction, 
it is done by means of as large a circle as convenient. 

487. Water in Pipes, — Where it is proposed to convey a 
certain quantity of water to a considerable distance in pipes, 
there will be a great disappointment in respect to the quantity 
actually delivered, unless the engineer takes into account the 
friction, and the turnings of the pipes, and makes large allow- 
ances for these circumstances. If the quantity to be actually 
delivered ought to fill a two-inch pipe, one of three inches will 
not be too great an allowance, if the water is to be conveyed to 
any considerable distance. 

In practice, it will be found that a pipe of two inches in diam- 
eter, one hundred feet long, will discharge about five times as 
much water as one of one inch in diameter of the same length, 
and under the same pressure. 

488. This difference is accounted for, by supposing that both 
tuhes retard the motion of the fluid, by friction, at equal dis- 
tances from their inner surfaces, and consequently that the effect 
of this cause is much greater in proportion, in a small tube, 
than in a large one. 

489. Floroing of Rivers. — The effect of friction in retarding 
the motion of fluids is perpetually illustrated in the flowing of 
rivers and brooks. On the side of a river, the water, especially 
where it is shallow, is nearly still, while in the middle of a 
stream it may run at the rate of ^wq or six miles an hour. For 
the same reason, the water at the bottoms of rivers is much less 



4fl5. What is said of the sudden turnmRS of a tube, in retarding the motion of the 
fluid 1 487. How much more water will a two-inch tube of a hundred feet long dis- 
charge, than a one-inch tube of the eame length 1 488. How is this difference ac- 
counted for 1 489. How do rivers show the effect of friction in retarding the motion 
of their waters 1 
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rapid than at the HUTface. This ia often |in>veii by tlie 
poMtion of floating BubaUnces, which in still water would 
a vertical direction. 

Thns, Buppooe the stick of wood E, 
Fin- lOS, to be loaded at one end with 
lead, of tiio same diameter as the wood. 
so as to make it stand upright in still 
wat*T. In the current of a rivor, where 
the lower end nearly reaches the bottom, 
it will iuclino as in the figure, because 
the water is more rapid toward the 
surface than at the bottom, and hence 
the tendency of the upper end to move 
iaster than the lower one, gives it an 
inclination forward. 



>»4 
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400. The common purap, though a hydraulic machiae, d^ 
pends on the pressure of the atmosphere for its effect, and theie- 
fore its explanation cornea properly under the article Pneumadca 
whers the cooscquenccs of atmospheric pressure will be iUiB- 

Such machines only as raise water without the assistjince of 
the atmosphere, come properly under the present article. 

491. Archimedes' Screw. — Among these, one of the nuel 
curious, as well as ancient machines, is the tcrew of Arcfunuda, 
and which w.is invented by that celebrated phiiosopher, two 
hundred years before the Christian era, and then employed fer 
raising water, and draining land in Egypt 

492. It consists of a tube, made of lead, or strong leather, 
coiled round a cylinder of wood or iron, as Topresouted by I^. 
no. It has a support at each end, tumirt; on gudgeons, tin 
upper end being sometimes furnished with eog-wjieels to giTe i 
more easy and rapid motion. Both ends are open, the Iowa 
one being placed ao fur under the water us uot to allow dit 
orifice to come above the surface in turning ; the other ^ 
charges the water iii an uniuterru])ted stream. 

493. The angle at which tlieso machines n'ork depend* on 
the manner of winding the tube on the cylinder ; that '" 
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are at a distance apart, 
Duly a few times around 
inzontal position to act; 
Sgure it may ha placed 
It will be apparent 



whether the folds touch euch other, 
tar it is obvious that if the tube pissi 
.the BUpport, this must be in nearly a 
l>ut if the folds nearly touuh, as in tl 
at an angle of about 50=" with the ho 

Xh&t the direction of each fold must he toward the honzon, as 
the screw turns, otherwise the water would not run. This is 
shown by the tigure. This machine, as abo\'e stated, ia a very 
ancient invention, hut has been re-invented in modem times, and 
employed in most parts of Europe. 

, It has been constructed in various ways besides that here 
represented. One was, to cut a spiral groove in a targe log of 
. wood, and cover this with metal, leather, or boards, ao aa to 
, make it hold the water. The screw being thus sunk into the 
^ood, instead of being on the outside, aa commonly represented. 
;,■ 494. When it was necessary to raise the water to a great 
l^eight, a series, one obliquely above the other, were employed, 
,{»]atforms being constructed, with vessels to cont^n the water, 
the lower end of the second screw taking that which n 
led by the first ; the third receiving ^at carried ui 
•econd, and so on. At present we believe this engine is no 
where used except as a curiosity, there being better means of 
raising water. 

49S. This principle ia readily illustrated by winding a piece 
of lead tube round a walking-stjck, and then turning tie whole 
with one end in a dish of water, as shown iu the figure. 

' 494. How wuwuernlKdtcirroIfaelihli bjr IblimuUnt) 43Gk HswoaxUl* 
friaciplaef AretilDudn' Mmt 1M mdily Jllumlcd 1 
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Theory of Archimedes* Screw. — "By tho following cut and 
explanation, the manner in which this machine acta will he ud- 
deretood. 

496. Suppose the KO. m. 
extremity 1, Fig. Ill, 
to }ye presented up- 
ward, as in the figure, 
the screw itself being 
inclined as represent- 
ed. Then, from its 
peculiar form and po- 
sition, it is evident, 
tliat commencing at 
1, the screw will de- 
scend until we arrive 

at a certain point, 2 ; in proceeding from 2 to 3, it will ascend. 
Thus, 2 is a point so situated that the parts of the screw on 
both sides of it ascend, and therefore if any body, as a ball, 
were placed in the tube at 2, it could not move in either direc- 
tion without ascending. Again, the point 3 is so sitnated, that 
the tube on each side of it descends ; and as we proceed we 
find another point, 4, which, like 2, is so placed, that the tabe 
on both sides of it ascends, and, therefore, a body placed at 4, 
could not move without ascending. In like manner, there v a 
series of other points along the tube, from which it either de- 
scends or ascends, as is obvious by inspection. 

Now let us suppose a ball, less in size than the bore of the 
tube, so as to move freely in it, to be dropped in at 1. As the 
tube descends from 1 to 2, the ball of course will descend down 
to 2, where it will remain at rest. 

Next, suppose tho ball to be fastened to the tube at 2, and 
suppose the screw to be turned nearly half round, so that the 
end 1 shall be turned downward, and the point 2 brought to 
the highest point of tho curve 1, 2, 3. 

497. The last movement of the spiral, it is evident, would so 
change the positions of the ascending and descending parts^ as 
to continue the motion upward, but it must be remembered 
that the water differs from the ball used for illustration, in hav- 
ing a constant pressure downward, and consequently upward, 
and that the ascent of the water depends on this properly of 
the action of fluids. 



496. Explain the manner in which n ball wonid ascend, Fig. Ill, tnTtamiiythi 
rew. 497. On what property of fluids does the ascent of the water diepeod I 
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498. Barker's Mill. — For the different modes of appljnng 
water as a power for driving mills, and other useful purposes, 
w6 must refer the reader to works on practical mechanics. 
There is, however, on^ method of turning machinery by water, 
invented by Dr. Barker, which is strictly a philosophical, and, 
at the same time, a most curious invention, and therefore is 
properly introduced here. 

This machine is called Barker's 
centrifugal mUl^ and such parts 
of it as are necessary to understand 
the principle on which it acts are 
represented by Fig. 112. 

The upright cylinder A, is a 
tube which has a funnel-shaped 
mouth for the admission of the 
stream of water from the pipe B. 
This tube is six or eight inches in 
diameter, and may be from ten to 
twenty feet long. The arms, N 
and O, are also tubes communica- 
ting freely with the upright one, 
from the opposite sides of which 
they proceed. The shaft D is 
- firmly fastened to the inside of 
the tube, openings at the same 
time being left for the water to 
pass to the arms O and N. The 
lower part of tlie tube h& solid, 
and turns on a point resting on a block of stone or iron, C. 
The arnjs are closed at their ends, near which are the orifices 
. on the sides opposite to each other, so tliat the water spouting 
from them will fly in opposite directions. The stream from the 
pipe B, is regulated by a stop-cock, so as to keep the tube A 
constantly full without overflowing. 

499. To set this engine in motion, nothing is required but 
the force of the water, which being let in by the pipe, descends, 
and spouting from the opposite orifices, the motion immediately 
begins, and if the main tube is of suflScient length, and kept full 
of water, it will in a few minutes acquire a whirling velocity 
which will astonish any one who has not before seen this curious 
machine. 




CeiUrifugal Mia. 



406. I>««ribe Bivker** c«ntrifti«al miU, Fig. 112. 499. How to this mUl nt in 
motion 1 
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600. With respect to the theory of its motion, Ealer, Greg- 
ory, Brande and others, have written ; and it was formerly sup- 
posed to depend in part on the resistance of the atmospherei 
but on trial it is said to revolve most rapidly in a vacuum, it 
is therefore difficult to explain very clearly on what its motioo 
does depend. Dr. Gregory says, " In this machine the water 
docs not act by its weight, or momentum, but by its centrifiigil 
force, and the reaction that is produced by the flowing of the 
water on the point immediately behind the orifice of dischai^." 
L)r. Brande says, ^ Tlie resistance, or reaction generated by the 
water issuing from the holes, is such as to throw the vertical 
pipe with it8 arms and axis into rapid rotatory motion." 

A model of the running part of this mill may be made by 
any tinner, for a few shillings, and may be kept in constant mo- 
tion, as a curiosity, by the waste water from the water ram de- 
scribed a few pages hence. The shaft may be from two to four 
feet in length, and an inch or two in diameter, the arms being 
one-half or one-third this size. The orifices in the arms must 
be small, otherwise too much water will be required, the quan- 
tity discharged being much greater than might be supposed. 

After a few revolutions, the machine wiU receive an addi- 
tional impulse by the centrifugal force generated in the arnu, 
and in consequence of this, a much more violent and rapid die- 
charge of the water takes place, than would occur by the pressure 
of that in the upright tube alone. The centrifugal force, and the 
force of the discharge thus acting at the same time, and each in- 
creasing the force of the other, this machine revolves with great ve- 
locity and proportionate power. The friction which it has to 
overcome, when compared with that of other machines, is veiy 
shght, being chiefly at the point C, where the weight of the 
upright tube and its contents is sustained. 

By fixing a cog-wheel to the shaft at D, motion may be giva 
to any kind of machinery required. 

Where the quantity of water is small, but its height consid' 
erable, this machine may be employed to great advantage, it 
being under such circumstances one of the most powerful engines 
ever invented. .. 

CHAIN rUMF. 

601. The principle of this machine is ancient, but instead </ 
flat boards, as in Fig. 113, pots, or deep buckets, were em- 



600. What is the theory of Barker's mill ? 501. What is said of the antioiittTMl 
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M^yed. Such engines are numerous along the hajjiks of the 
.fiile, and in Nubia and Hindostan, at the present day. 

• The construction, as well as the action fig. 118. 

jof the chain-pump, wiH he understood 
ly the figure. It consists of a number 
tof square pieces of board, or of thin 
iron, connected together through their 
centers by iron rods, so that they can 
have no lateral motion. These rods are 
.fiftstened to each other by hooks and 
«yes, thus forming a chain with long 
miks. The ascending side of this chain 
passes through a square box, to which 
these pieces or buckets are closely fitted, 
.bat not so as to create much friction. 
The lower wheel, as well as the lower 
[end of the box, must be placed below 
ihe surfjEuse of the water to be raised. 

The action of this machine is described 

in few words. To the upper wheel is 

^attached a crank ; or if large quantities 

fof water are to be raised, as on board of 

flhips, mill work is added, to multiply 

i the motion of the wheel, in order to 

iijgive the buckets a more rapid ascent 

^tiirough the box. As the end of the box is constantly under 

jlihe water, every boar<l necessarily carries up a portion in its 

■tseent, and although a single bucket would elevate but a small 

Quantity up to the end of the box, yet as they follow each other 

m rapid succession, a constant stream is produced, and thus, 

IFhen the trunk is a foot in diameter, and the power is sufficient, 

K will be obvious that a large quantity of water may, in a short 

nme, be elevated by this means. 

f: 502. Although this machine is called a pump, it will be ob- 
imerved that the atmosphere is not concerned in its action. 
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603. Water wheels generally consist of a drum, or hollow 
cylinder, revolving on an axis, while the diameter or exterior 
iiarfiace is covered with flat-hoards, vanes, or cavities called 



^ 802. Does the chain-pamp act by the pressure of the atmosphere or not 1 603. Of 

Chat do all water wheels consist 1 How many kinds of water wheels are there, and 
bat are their names 1 
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buekete, upon which tho water acts ; first, to give motion to tht 
wheel, and then b> machinery. Such wheels are of three kind^ 
namcty: tlie overshot, vnderthot, and breait wheels. 

604. Overshot Wheel. — This wheel of all otheis, (pvea tlu 
greatest power with the least quantity of wat«r, and n, than- 
fijre, generally used when circunutaDCea will permit, or when 
tlicro is a considerable fall, with a limited quantity of ^ ■" 

fiOS. The overshot wheel, 
Fig. 114, requires a M Fio. IM. 

equal at least to its own 
diameter, and it is custom- 

1 othei 
that the cells or buckets 
may contain a large quan- 
tity of wat^r, for it is cliiefly 
by the weight, and not the 
momentum of the fluid that 
this wheel is turned, 

506. In its construction, 
the drum, or circumference 
is made water-tight, and to 
this are fixed narrow 
troughs or buckets, formed 
of iron, or boards, running tho whole length of the drum. Hm 
water is conducted by a trough nearly krel, and sometimes ii 
width equal tu the length of the wbecl. It falls into the buckeb 
on the top of the wheel, and hence the name overshot 

507. The buckets are so constructed as to retain the 
until the wheel has made about one-third of a revolution froa 
the place of admission, when it escapes as from an inverted t* 
Eel, and the wheel ascends with empty buckets, wliile on tk 
opposite side they are filled with water, and thus thu revolotin 
is perpetuated. This whole machine and its action are so plo 
and obvious as to require no particular reference. 

508. From the experiments of Mr. Smeaton, it appeals, tha 
the fall and quantity of water, and the diameter of the wh» 
being (lie same, the overshot, will produce about double tl« 
eliect of tlie undershot wheel. 

509. Undershot Wheel. — This is so called because the mW 

', N». lilhlBwhmta 




■('passes under instead of over 
the circumference, as iu that 
ftbove described. Hence it 
is moved by the momeotuin, 

. not tlie weight of the water. 
610. Its construction, as 
shown by Fig. 115, ia dif- 
ferent from the overshot, 
since instead of tight buckets 
to retain the nater, it has 
Jlat-boarda, standing like 
rays around the circumfer- 
ence. 

511. Thus constructed, 
this wheel moves equally weli 
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fhpther the water acts on one or 



the other side of the boards, and hence is employed for tide- 
wheels, which turn in one direction when the tide is going oi 
•ud iu the other when it is coming in. 

This wheel requires a rapid flow, and a large quantity of w 
ter, to give it an efficient motion. 

51-2. Breatt Wheel— 
This wheel, in its construc- 
tion, or rather in the ap- 
plication of the moving 
power, is between the two 
wheels already described. 
In this the water, instead 




ered in tiie direction of its 
center. Fig. 116. This is 
one of the most common 
wheels, and is employed 
where there is not a suffi- 
cient fall for the construc- 
tion of the overshot kind. 

613. The breast wheel is moved partly by the weight, and 
partly by the momentum of the water. But notwithstanding 
this double force, this wheel is greatly inferior to the overshot, 
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in effect, not only bec«iuse the lever power is diminished by fhi 
smaller diameter, but also on account of the great waste of wa- 
ter which always attends the best constructed wheels of tfaii 
kind. 

514. General Remarks, — ^In order to allow any of the abofe 
wheels to act with freedom, and to their fullest power, it is ab- 
solutely necessary that the water which is discharged, at the 
bottom of the wheel should have a wide and unintermpted 
passage to run away, for whenever this is not the case it ae- 
cumulates and forms a resistance to the action of the bnckeCs a 
flat-boards, and thus subtracts just so much from the veloci^ 
and power of the machine.^- 

515. Hydraulic, or Water Bam. — This beantifdl ei^in 
was invented by Montgolfier, a Frenchman, (and the same wlio 
first ascended in a balloon,) in about 1706. 

FIG. 117. 



OD 




Hydraulic or Water Ram. 

The form and construction of this useful machine, which is 
very simple in all its parte, will bo understood by Mg, 117. 
Suppose the pipe A, comes from a spring, elevated a few feet 
above the horizontal line B, and that it conveys a constant 
stream of water. At the termination of this pipe, there is i 
valve, called a spindle valve, capable of closing its orifice whai 
drawn upward ; on the spindle /, are several small weights, bj 
which the valve is made to drop down and remain open when 
tlie water is still ; the weight of the whole being so nicely ad- 
justed, that the movement of the running water will elevate it 



614. What cautions are necesrary in order to permit any of the wheels deacilbcdli 
nrnduce their full effects? 515. Who invented the hydraulic,or water rami l» 
"> its construction by Fig. 117. 
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^ its place, ana thus stop the discharge. The weight of this 
Valve, a nice point in the construction of the machine, must he 
just sufficient to make it rise hy the force of the stream, and 
\ sink again when the water ceases to flow, thus rising and falling, 
li and in effect causing the fluid to stop for an instant, and then 
i renew its motion. 

t 616. Now water in motion acquires a momentum in propor- 
B tion to the length of the column, and the height of the source, 
1 and when in action exerts a force equal to that of a solid body 
r of the same length and gravity, pressing downward from the 
^ same elevation. The inelasticity of the fluid gives it the prop- 
^ erty of acquiring motion through the whole length of a tube 
i elevated at one extremity, whenever only a small portion is 
allowed to escape by its own pressure. Hence, when the valve 
opens by dropping down, all the water in the pipe, however 
long it may be, instantly moves forward to supply the place of 
I that which has thus escaped ; and if the pipe is long and the 
I fountain high, ordinary metaUic conductors are burst asunder 
by the shock whenever the stream is interrupted. It is on these 
principles of the force of water, that the Hydraulic Ram is 
founded ; for when the stream is stopped by the rising of the 
valve, as already explained, an outlet is provided by another 
valve, u, opening upward into an air vessel, having a discharg- 
ing pipe, Xj and consequently when the spindle valve, <, is closed, 
this valve instantly opens, and the water is thrown with great 
force into the air vessel, and through the discharging pi])e to 
the place where it is wanted. The stream being thus inter- 
mpted, and the water becoming still under the lower valve, tliis 
instantly opens by falling down, thus allowing the fluid to dis- 
charge itself at r, when the motion again raises the valve, and 
it is stopped, the valve u being raised for its escape as before ; 
and thus this curious machine, if well constmcted, will act with 
. no other power or help, but a little stream of water, for weeks 
or months. 

517. This engine affords the most efficient, cheap, and con- 
venient means of raising water, for ornamental or farming pur- 
poses, ever invented. A spring on a hill near the house, or a 
running brook with an elevation of a few feet, is all the power 
requir^ to supply an abundance of water for any private, or 
even pubHc estabUshment Mr. Mijlington, who erected many 



616. Go wbat does the momentam of water in a tube depend 1 What is said of the 
■MtioD of the water in the tube 1 617. What is said of the economy and convenience 
of th« water ram 7 To what heights will it throw water in proportion to the fall 1 
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of these machines in England, states, that a very insigmfioni 
prossing coUimn is capable of raising by the water ram, a verj 
high ascending one, so that a sufficient fall may be obtaiDed ii 
almost any running brook, by erecting a dam at its upper aid 
to produce a reservoir, and then carry the pipe down the natonl 
channel until a sufficient fall is obtained. In this way a nm 
>vas made to raise one hundred hogsheads of water to the hd^ 
of 134 feet, in 24 hours, with a fall of 4'J- feet 

518. Deaf ami Dumb Asylum. — ^The Deaf and Dumb Asy- 
lum, of Uartford, Ct., is supplied with water by means of Hy- 
draulic rams, of which there are three, in case of accidents, thoi^ 
only two are kept in motion. The water is brought from tai 
Little River, at the distance of half a mile, and is raised to tbe 
fourth story of the edifice, a height of 140 feet. The qoantily 
delivered by two rams is about 35 hogsheads per day. Hm 
cost of the apparatus, including the stone structure for tiie 
and inclined tubes, was nearly $12,00. 



CHAPTER YIL 
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519. The term Pneumatics is derived from the QnA^ 
pneuma, which s^ignifies breathy or air. It is that science whid 
investigates the mechanical properties of air, and other dastit 
fluids. 

Under the article Hydrostatics^ (413,) it was stated tbt 
fluids were of two kinds, namely, elastic, and non-elastic, and 
that air and the gases belonged to the first kind, while watff 
and other liquids belonged to the second. 

520. The atmasphere which surrounds the earth, and ii 
which we live, and a portion of which we take into our lanff 
at every breath, is called air, while the artificial products whidi 
possess the same mechanical properties, are called gases. 

When, therefore, the word air is used in what follows, it will 
be understood to mean the atmosphere which we breathe. 

521. Air in all Porous Substances. — Every hollow, crerioe, 

519. What is meant by pneumatics ? 620. What is air 7 What is gaa 7 GSl. WW 
is meant when it is said that a vessel is filled with air 7 Is there any difflcultjr lo » 
pelling the air from vessels 7 
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te, m solid bodies, not filled with a liquid, or some other 
imce, appears to be filled with air ; thus a tube of any 
hf the bore of wKich is as small as it can be made, if kept 
\ urill be filled with air ; and hence, when it is said that a 
I is filled with air, it is only meant that the vessel is in its 
mry state. Indeed, this fluid finds its way into the most 
tie pores of all substances, and can not be expelled and 
out of any vessel, without the assistance of the air-pump, 
me other mechanical means. 

tS. Elasticity of Air. — By the elasticity/ of air is meant its 
}gj or the force with which it reacts, when compressed in a 
: vessel. It is chiefly in respect to its elasticity and light- 
that the mechanical properties of air differ from those of 
r, and other liquids. 

S3. Elastic fluids differ from each other in respect to the 
vxnmcy of the elastic property. Thus, steam is elastic only 
9 its heat is continued, and on cooling, returns again to the 
of water. 

J4. Some of the gases, also, on being strongly compressed, 
their elasticity, and take the form of liquids. But air differs 
these, in being permanently elastic ; that is, if it be com- 
led with ever so much force, and retained under compression 
ny length of time, it does not therefore lose 
lasticity, or disposition to regain its former 
, but always reacts with a force in propor- 
to the power by which it is compressed. 

25. Compression by Experiment — Thus, if 
itrong tube, or barrel, Fig, 118, be smooth, 
equal on the inside, and there be fitted to it 
lOud j)iston or plug. A, so as to work up and 
IL air-tight, by the handle B, the air in the 
el may be compressed into a space a hundred 
B less than its usual bulk. Indeed, if the 
al be of sufficient strength, and the force em- 
ed sufficiently great, its bulk may be lessen- 
I thousand times, or in any proportion, ac- 
ing to the force employed ; and if kept in 
state for years, it will regain its former bulk 
Instant the pressure is removed. 

26. Thus, it ib a general principle in Pneumatics, that air is 
pressible in proj)ortion to the force employed. 

. What is meant by the elasticity of air 1 523. How does air differ from steam 
nme of the gaees', in respect to its elasticity 1 601. Does air lose its elastic 
by being compressed 1 525. Explain by Fif. 118, bow air may be compressed. 
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627. Expansion of the Air, — On the oontraiy, when the 
usual pressure of the atmosphere is removed from a portkm of 
air, it expands and occupies a space larger than hefore ; and i 
is found l)y experiment, that this expansion is in a ratlot astht 
removal of tlie pressure is more or less complete. Air also ex- 
pands or increases in hulk, when heated. 

628. If the stop-cock, C, Fiff, 118, he opened, the piston, A, 
may be ]>ushed down with ease, because the air contained ii 
the barrel will be forced out at the aperture. Suppose the p«- 
ton to bo pushed down to within an inch of the bottom, and 
then the stop-cock closed, so that no air can enter hek>wiL 
Now, on drawing the piston up to the top of the barrel, die 
iDch of air will expand and fill the whole space, and were tliB 
s])ace a thousand times as large, it would still be filled with Hbt 
expanded air, because the piston removes the pressure of Aa 
extiTnal atmosphere from that within the barrel. 

629. It follows, therefore, that the space which a given yx- 
tion of air occupies, depends entirely on circumstances. If itii 
under pressure, its bulk will be diminished in exact proportion; 
and as the pressure is removed, it will expand in proportion, n 
as to occupy a thousand, or even a million times as much spMi 
as before. 

630. Weight of Air. — Another property which air pofleena 
is weight, or gravity. This property, it is obvious, most In 
slight, when compared with the weight of other bodies. Brt 
that air has a certain degree of gravity in common with otbff 
ponderous substances, is proved by direct experiment. Thmif 
the air be pumped out of a close vessel, and then the vessel be 
exactly weighed, it will be found to weigh more when the air ii 
again admitted. 

531. Fr ensure of the Atmosphere, — It is, however, the wdjAt 
of the atmosphere which presses on every part of the earUA 
surface, and in which we live and move, as in an ocean, tint 
here particularly claims our attention. 

The ])rcssure of the atmosphere may be easily shown hytbe 
tubo and piston, J^'iff. 119. 

Suppose there is an orifice to be opened or closed by the 
valve B, as the ])iston A is moved up or down in its Iwiinl 
The valve being f<ustened by a hinge on the iippcr side, a 

5'2G. In what proportion to the force employed is the balk of air lessmedl 8f«h 
what proportion will a quantity of air increase in bulk as the pressure IsrcflMvri 
from It? 528. Ifow is this illustrated by Fig. 1187 i329. On whar cirennMCHM 
therefore, will the bulk of a ?iven portion of air depend I 530. How is itproTcdllll 
air has weight ? 531. Explain in what manner the presvure of the atmontatt 
shown by Fig. 119. 
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poshing the piston oown, it will open by the pres- ^^' ^^*- 
sure of the air against it, and the air will make 
its escape. But when the piston is at the bottom 
of the barrel, on attempting to raise it again, to- 
ward the top, the valve is closed by the force of 
the external air acting upon it. 

532. If, therefore, the piston be drawn up in 
this state, it must be against the pressure of the 
atmosphere, the whole weight of which, to an ex- 
tent equal to the diameter of the piston, must be 
lifted, while there will remain a vacuum or void 
space below it in the tube. 

533. If the piston be only three inches in diam- 
eter, it will require the full strength of a man to draw it to the 
top of the barrel, and when raised, if suddenly let go, it will be 
forced back again by the weight of the air, and will strike the 
bottom with great violence. 

534. Supposing the surface of a man to be equal to 14-J- 
square feet, and allowing the pressure on each square inch to 
be 15 lbs., such a man would sustain a pressure on his whole 
sur&ce equal to nearly 14 tons. 

Now, that it is the weight of the atmosphere which 
presses the piston down, is proved by the fact, that if its diam- 
eter be enlarged, a greater force, in exact proportion, will be 
required to raise it And further, if when the piston is drawn 
to the top of the tube, a stop-cock, as at Fig. 118, be opened, 
and the air admitted under it, the piston will not be forced 
down in the least, because then the air will press as much on 
the under, as on the upper side of the piston. 

535. By accurate experiments, an account of which it is not 
necessary here to detail, it is found that the weight of the at- 
mosphere on every square inch of the surface of the earth is 
equal to fifteen pounds. If, then, a piston working air-tight in 
a barrel, be drawn up from its bottom, the force employed, be- 
tides the fHction, will be just equal to that required to lift the 
tame piston, under ordinary circumstances, with a weight laid 
on it equal to fifteen pounds for every square inch of surface. 

636. The number of square inches in the surface of a piston 

fi32. The force pressing on the piston, when drawn upward, is sometimes called 
nction. 533. How is it proved that it is the weight of the atmosphere, instead of 
•action, which makes the piston rise with difficulty 7 534. What is the pressure of 
the atmosphere on the surface of a man ? 635. What is the pressure of the atmos- 
phere on every square inch of surface on the earth 7 536. What is the number of 
mare inches id a circle of one foot in diameter? What is the weight of the atmos- 
imre on the sarlace of a foot in diameter 1 
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500. With respect to the tlieory of its motion, Euler, 6t^ 
OTj, Brande and others, have written ; and it was formerly rap- 
posed to depend in part on the resistance of the atmosphere, 
but on trial it is said to revolve most rapidly in a vacnum. It 
is therefore difficult to explain very clearly on what its motion 
does depend. L)r. Gregory says, ^ In this machine the water 
docs not act by its weight, or momentum, but by its oentrifagal 
force, and the reaction that is produced by the flowing of the 
water on the point immediately behind the orifice of discbarge." 
iJr. brande says, ^ The resistance, or reaction generated by the 
water issuing from the holes, is such as to throw the verticad 
pipe witli its arms and axis into rapid rotatory motion." 

A model of the running part of this mill may be made by 
any tinner, for a few shillings, and may be kept in constant mo- 
tion, as a curiosity, by the waste water from the water ram de- 
scribed a few pages hence. The shaft may be from two to four 
feet in length, and an inch or two in diameter, the arms being 
one-half or one-third this size. The orifices in the arms must 
be small, otherwise too much water will be required, the quan- 
tity discharged being much greater than might be supposed. 

AfLer a few revolutions, the machine will receive an addi- 
tional impulse by the centrifugal force generated in the arms, 
and in consequence of this, a much more violent and rapid dis^ 
charge of the water takes i)lace, than would occur by the pressure 
of that in the upright tube alone. The centrifugal force, and the 
force of the discharge thus acting at the same time, and each in- 
creasing the force of the other, this machine revolves with great ve- 
locity and proportionate power. The friction which it has to 
overcome, when compared with that of other machines, is very 
slight, being chiefly at the point C, where the weight of the 
upright tube and its contents is sustained. 

By fixing a cog-wheel to the shaft at D, motion may be g^ven 
to any kind of machinery required. 

Where the quantity of water is small, but its height consid- 
erable, this machine may be employed to great advantage, it 
being under such circumstances one of the most powerful engines 
ever invented, j. 

CHAIN ruMP. 

601. The principle of this machine is ancient, but instead of 
flat boards, as in Fiff. 118, pots, or deep buckets, were em- 



600. What is the theory of Barker's mill ? 501. What is said of the antiquitTMid 
use of the chido-pump 1 Describe the construction and action of this machine. 



WATER WHEELS. 



133 



I 

Mtiyed. Such engines are numerous along the haxiks of the 

Vnie, and in Nubia and Hindostan, at the present day. 

■ • The construction, as well as the action fig. 118. 

a the chain-pump, wiU be understood 

■hf the figure. It consists of a number 

Ik square pieces of board, or of thin 

iron, connected together through their 

centers by iron rods, so that they can 

have no lateral motion. These rods are 

fiutened to each other by hooks and 

eyes, thus forming a chain with long 

links. The ascending side of this chain 

passes through a square box, to which 

these pieces or buckets are closely fitted, 

but not so as to create much Action. 

The lower wheel, as well as the lower 

end of the box, must be placed below 

the surface of the water to be raised. 

The action of this machine is described 
in few words. To the upper wheel is 
attached a crank ; or if large quantities 
of water are to be raised, as on board of 
ships, mill work is added, to multiply 
the motion of the wheel, in order to 
^ve the buckets a more rapid ascent 
through the box. As the end of the box is constantly under 
the water, every board necessarily carries up a portion in its 
ascent, and although a single bucket would elevate but a small 
quantity up to the end of the box, yet as they follow each other 
in rapid succession, a constant stream is produced, and thus, 
when the trunk is a foot in diameter, and the power is suflScient, 
it will be obvious that a large quantity of water may, in a short 
time, be elevated by this means. 

602. Although this machine is called a pump^ it will be ob- 
served that the atmosphere is not concerned in its action. 

WATER WHEELS. 

603. Water wheels generally consist of a drum, or hollow 
cylinder, revolving on an axis, while the diameter or exterior 
sur&oe is covered with flat-hoards^ vanes^ or cavities called 
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602. Does the chain-pamp act by the pressare of the atmosphere or not 1 603. Of 
what do all water wheels consist ? How many kinds of water wheels are there, and 
what are their names 1 




ur, pressing on the mercury in the cup, elertttcB Uut in Ibi 
tube, in proportion to the rarety of the air in the recaver. 

Action. — The manner In which the double pump act*, ia tt 
actly eimilar to the single one, only that it has two barrel, a 
cylinders, insteiid of one. It is, tlierefore, unoeceaBary to repeit 
the explnnation given under the last figure. 

543. JExtemcU View of Ike Air Pump. — Having explwiwJ 
the principles and action of tlie air pump, by figure showing 
its interior conHtruction, itc here present the student with la 
external view, fii/. 122, of the whole macliine. 

544. It is a small single-barrel pump, those with more Iw- 
rels being of course more complex in structure, and less caaif 
understood. The barrel, A, is seven inches high and twain 
diameter; iho plate, K, is eight inches in diameter; the jnjCn 
rod, a, works air-tiglit by means of the packing screw J, whid 
is fitted to the barrel case, I. The piston is kept perpendtcnlK 
by tlie guide E, through which it works ; t'ite fulcrum prop, H, 
is eighteen inches high, and the parallel rodi, D, connect thi 
pistou rod and cross-head, C, with the lever. 

The dome cap, I, contains a valve opening upward, for (be 
escape of tlie air when tlie piston rises. This is the only valte 
in this pump, exce]it that in the piston, which, as already shown, 
opens to admit the expanded air from the receiver, and force it 
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put at the upper vaWe To the dome cAp above the valve, !■ 
Ktted a curved {ub«, leading to the cistern, F, its use ti to re- 
pxve the waste oil which may eecape from that uaed to lubricate 
tte piston. Th - globular bellflaas, or receiver, L, is fitted by 
pinding to the brass plate on which it stands ; the baronuter 

eKgt, O, contains mercury, and communicates with the tube 
idiug from the barrel to the receiver ; this shows by ita scale 
itphat proportion of air is exhausted from the receiver ; within 
Ibe recover there is seen a protuberance, showing the end of 
Ae exhausdog tube, and into whMi may be screwed receivere 
at tabes for various experiments. -^ 

, 645. Ufwaud Atuosphbric ' Frehbure. — The atmosphere, 
Mwe have seen, presses in every direction. Its upward pressure 
is shown by the apparatus, Fig. 123. 

It consists of a hand (ur pump, a, with a valve opening np- 
Tard, not shown. This pump is attached to a cylinder of lat^r 
nie, b, m which is the piston, e, to which a 68-lb. weight is 
attached by a cord. This piston must be air-tJght, and at the 

MS, DMcHbaFlf. m,*iid Amf bowlbtwtlimlaalcraH'lwkdwiKalMd. 
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lower part of the cylinder whoi 
tiie experiment begins. Now, 
on working the pump, a vaon- 
um is fonned between the pift- 
tons in the cylinder i,aiid con- 
Bequently the pressure of tlie 
flir on the under part of e, tfa« 
cylinder being open, forces it 
upward, drawing the weight 
with it. On admitting the ur 
into the large cylinder, from 
above, the weight insUiatiy de- 
scends, showing that it ia the 
pressure of the atmosphere 
from below which sustained 
the weight 

546. . I. Ifawithered apple 
be placed under the receiver, 
and the air is exhausted, the 
apple will swell and become 
plump, in consequence of the 
expansion of the air which it contains witliin the skin. 

II. Ether, placed in the same situation, soon begins 
without the influence of heat, because its partdcles, not 
the pressure of the atmosphere to force them leather, 
with so much rapidity as to produce ebullition. 

nr. If a bladder partly filled with air, and the neck i 
cured, has the external air exhausted, that within wilt so 
as to burst the membrane. 

IV. If a flask partly filled with water, be placed, y 
neck in a jar of the Bumo fluid, under the receiver, the i 
air within the ilask will drive the wat£r out, but it will 
again when the air is again let into the receiver. 

V. If a burning taper be placed under it, the flan 
ceases for want of oxygen to support it. For the same 
no light ia seen from the collision of flint and steel in a v. 

VI. If a bell be struck under the receiver, the souj 
grow faint as the air ia exhausted, untjl it is no lon^r a 
See Acotitlici. 

647. Maffdeburgh Jlemispherea. — One of the most s 
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illuatrations of atmospheric pressure is no. iM. 

loade by means of the before named in- 
struraent, Piff. 124. It consists of two 
Kemispheres of brass, A and B, fitted to 
each other by grinding, so that when put 
together they perfectly exclude the air. 
When put together witioiit preparation, 
or in tbe usual manner, they hold no 
stronger than the parts of a snuff-box ; 
but when the air is exhausted from within, 
it will take two strong men, if the diam- 
eter of the hemispheres are six inches, to 
pull them apart. The air is exhausted by 
unscrewing the lower handle and connect- 
ing that part with the exhausting tube of 
tbe air pump, and then by turning the 
key its return is prevented. 

648. The amount of force required to 
Hpsrate them, will of course depend on 
their diameter and may be calculated by »'vi''""-ei- BmitpAtnt. 
estimating the pressure to be equal to fif- 
teen pounds for every square inch of surface, this, as we have 
eeeo, (536.) being the pressure of the atmosphere. 

649. Tbe same principle is involved fio, 125. 
-when a piece of wet leather, with a 
string in the center, is pressed on a 
BiHooth atone, and then pulled by the 
string, t 

650. K PAN 8I0N Fountain. — Avery 
pretty experimeat is made, with tbe 
sir pump, by means of the apparatus, 
Jl^g. 125. 

It consists of two glass globes, the 
upper one, a, being open at the top, 
and famished with a stop-cock aod jet 
tube, reaching nearly to the bottom of 
the lower globe. 

The lower one, being nearly filled 
with some colored liquid, the upper 
one, with the jet, is screwed to it, as 
seen in the figure. 

to pull Lb«m apATt 1 
»t MO. ExpULatn 
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Thus prepared, they are placed under the receiver of the dr 
pump, and as tlie air is exhausted, that contained in the knrai 
globe expands, and forces the liquid through the tube into tiM 
upper globe. On admitting the air into Uie receivety the flmd 
again returns into the lower one, and this may be repeated «dj 
number of times, affording a very interesting experiment 
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551. Tlie operation of the condenser is the reverse of thateffhs 
air pump, and is a muvh more simple m^ichine. The air pQiDf^ 
as we have just seen, will deprive a vessel of its ordinary quaih 
tity of air. The condenser, on the contrary, will douMe or 
treble the ordinary quantity of air in a dose veaeely aocordiug to 
the force employed. 

This instrument. Fig. 126, consists of a pump- 
barrel and piston. A, a stop-cock B, and the vessel 
0, furnished with a valve opening downward. 
The orifice, D, is to admit the air, when the pis- 
ton is drawn up to the top of the barrel. 

552. To describe its action, let the piston be 
above D, the orifice being open, and therefore the 
instrument filled with air, of the same density as 
the external atmosphere. Then, on forcing the 
piston down, the air in the pump-barrel, below 
the orifice D, will be compressed, and will rush 
through the stop-cock, B, into the vessel C, where 
it will be retained, because, on again moving the 
piston upward, the elasticity of the air will close 
the valve through which it was forced. On draw- 
ing the piston up again, another portion of air 
will rush in at the orifice D, and on forcing it 
down, this will also be driven into the vessel C ; 
and this process may be continued as long as sufficient force is 
applied to move the piston, or there is sufficient strength in the 
vessel to retain the air. When the condensation is finished, the 
Btop-cock B may be turned, to render the confinement of the air 
more secure. 

553. Air Gun. — ^The magazines of air guns formerly con- 
sisted of a copper ball, which afiter being charged with condensed 
air, was screwed to the barrel, presenting an unseemly and in- 



6S1. How does the condenser differ from the air pump 1 668. Explain FIf. 196, aid 
•how in what manner the air is condensed. 563. Explain the pxinelple (^ tha sir 
gnn. 
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convenient appendage. That here described, ^^' ^• 
is a more reoent and greatly improved inven- 
tion. 

In this, the breach of the gun is made of 
copper, and without much increasing the size, 
answers for the magazine, while the barrel 
serves as the tube of the condenser. 

654. At A, Ftp. 127, the barrel is screwed 
on to the breach, in which the air is condensed, 
by means of the piston, rod, and handle, as 
shown by the figure. 

The piston is then withdrawn, the condensed 
air being prevented from escape by the valve, 
opening outward, as shown by the figure. 

The ball being introduced, is fired by pull- 
ing back the trigger, which opens the valve, 
and allows a portion of the air to escape. 

The velocity and force of the ball will de- 
pend on the amount of condensation in the 
magazine, and the smaller the tube and piston 
by which this is made, the greater of course 
unll be the density of the confined air, and the 
more powerful the force by which the ball is 
impelled. Where the piston is no more than 
half or three quarters of an inch in diameter, 
it is said the ball will have a force not much 
short of that of a musket-shot. 

555. Bottle Imp. — A curious philosophical 
toy, called the Bottle Imp, shows in a very 
Btnking manner the effects of condensing a small portion of air. 

Procure a glass jar, with a neck, as represented by Fig. 128, 
also a piece of India rubber, and a string to secure it over the 
mouth of the jar, so that it shall be perfectly air-tight. Next, 
take a piece of glass tube, about three-eighths of an inch in 
diameter, and with a file cut off pieces an inch long, and into 
one end of each put a cork stopper of such size as to make most 
of the cork swim on the surface when the tube is placed in the 
water. The tubes must now be partly filled with water, so that 
they will just balance themselves in the fluid without sinking, 
the air remaining in their upper halves. 

Having prepared the tubes with their corks in this manner, 
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664. With what force will the air gun throw a ball ? 565. Explain the manner of 
ttmstnacting tha bottle imp. 
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and placed them in the jar nearly filled with water, ^^^ ^ 
tie on the rubber cap with a good long string, so 
tliat no air can escape, and this little apparatus is 
finished. 

Now press upon the rubber with the hand, and 
the floating tubes will immediately begin to de- 
scend, and will strike the bottom of the jar, one 
after tlie otiier, with sfn audible stroke, and will 
rise njj^in when the pressure ceases. 

Many a philosophical head, on seeing this ex- 
periment for tlio first time, has been puzzled to 
&<^ign any cause why these little objects should fiUl 
and rise m this manner, the hand not going near 
them, there being several inches of air between the 
cap and the water. 

556. The explanation will be obvious on setting 
the jar between tlie light and the eye, and watch- 
ing a tube when the pressure is made, for the wa- 
ter will be seen to rise in it at the moment it begins to fidl, and 
sink again as it rises. The pressure of the hand is transndtted 
through the elastic rubber and air, to the water, and so to the 
air in the tube, which being thus condensed, takes in more wa- 
ter than its buoyancy can sustain, and it sinks — ^rising again 
when the air is allowed to expand, and drive out the water. ^ 
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55*7. The Barometer is an instrument which^ by means of a 
column of mercury in a glass tube, shows^ by its elevation and 
depression^ the different degrees of atmospheric pressure. 

558. Suppose A, Fig. 129, to be a long tube, with the piston 
B so nicely fitted to its inside, as to work air-tight. If the 
lower end of the tube be dipped into water, and the piston 
drawn up by pulling at the handle C, the water will follow the 
piston so closely, as to be in contact with its surface, and ap- 
parently to be drawn up by the piston, as though the whole 
was one solid body. K the tube be thirty-five feet long, the 
water will continue to follow the piston, until it comes to the 
height of about thirty-three feet, where it will stop. 

559. If the piston be drawn up still further, the water will 

55C. Explain the reason why the floats in the water imp are inflaenced by the prrs- 
sure SSf. What is the barometer ? 558. Sunt ose the tube, Fi{r- 129, to stand with 
its lower end in the water, and the piston A to be drawn upward thirty<five feet, how 
far will the water follow the piston 1 559. What will remain in the tube between tbe 
piston and the water, aAer the piston rises higher than thirty-three feet 1 
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not follow it, but will remain eiationary, the 
space from this height, between the piston and 
the water, being left a void space or vacuum. 

660. The rising of the water in the above 
case, which only involves the principle of the 
common pump, is thought by some to be caused 
hy auction, the piston sucking up the water as it is 
drawn upward. But according to the common 
notkm attached to this term, there is no reason 
why the water should not continue to rise above 
the Ihirty-three feet, or why the power of suc- 
tion should cease at that point, rather than at 
an j other. 

5611 Without entering into any discussion 
on the absurd notions concerning this power, it 
is sufllcient here to state, that it has long since 
been proved, that the elevation of the water, in 
the case above described, depends entirely on 
the weight and pressure of the atmosphere on 
that portion of the fluid which is on the outside 
of the tube. Hence, when the piston is drawn 
up under circumstances where the air can not 
act on the water around the tube, or pump- 
barrel, no elevation of the fluid will follow. 

662. If an atmospheric pump, or even the suction-hose of a 
fire engine, be inserted into the side of a tight cask filled with 
fluid, all the force of what is called suction may be exerted by 
the pump or engine in vain ; for the liquid will not rise until an 
aperture, admitting the atmosphere, is made in some part of the 
cask. It may be objected that wells, though covered several 
feet deep with earth, still admit water to be drawn from them 
by pumps, with all the facility of those which are open. But it 
must be remembered that the ground is porous, admitting the 
atmosphere to an unknown depth from the surface, and hence 
wells can not be covered by any common means so as to ex- 
clude sufficient atmospheric pressure for the purpose in question. 
That the pump will not raise water without the influence of the 
atmosphere, will be seen by the following experiment. 

563. Proof that the Pump acts hy External Pressure. — 
Suppose Fig, 130 to be the sections or halves, of two tubes, one 




560. What Is commonly supposed to make the water rise In such cases? Is there 
any reason whv the suction snoutd cease at thirty-three feet 7 561. What is the true 
cause of the elevation of the water, when the piston, Fig. 129, is drawn up 1 6«3. 
Will tbe 8UGtion-hose of a fire-engine raise water from a tight cask 7 
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Within the other, tlie outer one being nude en- 
tirely close, so ns to ndmit no air, luid the space 
between the two being also made air-tight at the 
top. Sn]ipo(ie, also, that the inner tube being left 
open at the lower end, docs not reach the bottom 
of the outer tube, and thus that an open space be 
left betwiH'Ti tlip two lul)C3 every where, except at 
their ii[iper cnd^ when) they are fastened to- 
gi>tlier; and sujiponc that there is a Tolve in the 
inston, opening upward, to as to let the air which 
It contains escnpc, but which will close od draw- 
ing the piston upward. Now, let the piston be 
at A, and in tliis state pour water throngh the 
Btop-cock, C, until tlio inner tube is filled up to 
tlie piston, and the space between the two tubes 
filji'd up to the same point, and then let the stop- 
cock bo closed. If now the piston be drawn up 
to the top of the tube, the water will not follow 
it, M in the ease of Fig. 129 ; it will only rise a 
few inches, in consequence of the elaatiaty of the 
air above the water, between the tubes, and in 
the space above the water, there will bo formed a 
vacuum between the water and the piston, in the 
inner tube. 

The reason whv the result of this experiment differs from tli>t 
before described, is, that tlie outer tube prevents the preseura of 
the atmospjicrc from forcing the water up the tube oa the piatoo 
rises. This may bo instaiitly proved, by opening the alop-cock 
C, and permitting the air to press upon the water, when it irill 
be found, that ils the air nisbea in, the water will rise and £11 
the vacuum, up to tlie piston. 

564. For the same reason, if a common pump be placed ina 
ciRtem of water, and the water is frozen over on its surface, ao 
that no. air cim press upon the fluid, the piston of the pump 
might be worked in vain, for the water would not, as usu4 
obey its motion. 

565. It folloH'3, as a certain conclusion from such eipeii- 
ments, that when the lower end of a tube is placed in water, 
and the air from withiu removed by drawing up the pistoii, 
that it is tlie pressure of tlie atmosphere on tfie water aroand 

B83. HowliiiBhdwnby Fig. 130, ihnt M lirhe prcnure of the nimosphm vkkk 
eiUMji Ihe w«« to rlKC mills purnp-b»rrEr ( 66). SuppoK Ihe lc« prfiiFniitlMi» 

086. Wh«Mn,chu«Diifollo«Hftuiniheexpf.rimeiii8.tiov(il«trib«ii ' "^ 
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the tube, which forces the fluid up to fill the space thus left by 
the air. 

566. It is also proved, that the weight, or pressure of the at- 
mosphere, is equal to the weight of a perpendicular column of 
water 33 feet high, for it is found {Fig, 120) that the pressure 
of the atmosphere will not raise the water more than 33 feet, 
though a perfect vacuum be formed to any height above this 
point. 

667. Experiments on other fluids, prove that this is the 
weight of the atmosphere, for if the end of the tube be dipped 
in any fluid, and the air be removed from the tube, above the 
fluid, it will rise to a greater or less height than water, in pro- 
portion as its specific gravity is less, or greater than that fluid. 

668. Mercury^ or quicksilver, has a specific gravity of about 
ISi* times greater than that of water, and mercury is found to 
rise about 29 inches in a tube under the same circumstances that 
water rises 33 feet. Now, 33 feet is 306 inches, which being 
divided by 29, gives nearly 13^, so that mercury being 13^ 
times heavier than water, the water will rise under the same 
pressure 13-jt times higher than the mercury. 

669. Construction of tJie Barometer. — ^^- ^• 
The banmuter is constructed on the princi- || 
pie of atmospheric pressure. This term is 
compounded of two Greek words, haros, 
weight, and metron, measure, the instrument 
being designed to measure the weight of the 
atmosphere. 

Its construction is simple and easily un- 
derstood, being merely a tube of glass, nearly 
filled with mercury, with its lower end placed 
in a dish of the same fluid, and the upper 
end furnished with a scale, to measure the 
height of the mercury. 

670. Let A, Fig, 131, be such a tube, 
thirty-four or thirty-five inches long, closed 
at one end, and open at the other. To fill 
the tube, set it upright, and pour the mer- 
cury in at the open end, and when it is en- 
tirely full, place the fore-finger forcibly on 
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666. How it it proTed that the pressure of the atmosphere is eaual to the weight of 
a eohnnn of water 33 feet high 1 667. How do experiments on other fluids show that 
the pressure of the atmosphere is equal to the weight of a column of water 33 feet 
bigtal 568. How high dues mercurv rise in an exhausted tubel How does th« 
hMght of mercury in the barometer (ndicate that of water 1 

7* 
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this end, and then plunge the tube and finger under the soAeB 
of the mercury, before prepared in the cup, B. Then withdnv 
the finger, taking care that in doing this, ibe end of the tube ii 
not raised above Hie mercury in the cup. When the fingef 
is removed, the mercury m\\ descend four or five inches, ud 
after several vibrations, up and down, will rest at an eteratioB 
of 29 or 30 inches above the snr&ce of that in the cup, as itCL 
Having fixed a scale to the upper part of the tube, to in&ito 
the rise and fall of the mercury, the barometer would be fin- 
ished, if intended to remain stationary. It is usual, however, to 
have the tube inclosed in a mahogany or brass case, to prevent 
its breaking, and to have the cup closed at the top, and nstsMd 
to the tube, so that it can be transported without danger of 
spilling the mercury.^. J— 

671. Cup of the Portable Barometer. — ^The cup of the port- 
able barometer also difiers from that described, for were the 
mercury inclosed on all sides, in a cup of wood, or brass, the sir 
would be prevented from acting upon it, ftnd therefore the in- 
strument would be useless. To remedy this defect, and still 
have tlie mercury perfectly inclosed, the bottom of the cap ii 
made of leather, which, being elastic, the pressure of the atinoar 
phero acts upon the mercury in the same manner as though it 
was not inclosed at all. 

572. Below tlie leather bottom, there is a round plate of 
metal, an inch in diameter, which is fixed on the top of a screw, 
so that when the instrument is to be transported, by elevating 
this i)ieco of metal, the mercury is thrown up to the top of the 
tube, and thus kept from playing backward and forwaid, when 
the barometer is in motion. 

573. A person not acquainted with the principles of this in- 
strument, on seeing tlie tube turned bottom upward, will be 
perplexed to understand why the mercury does not follow the 
common law of gravity, and descend into the cup ; were the 
tube of glass 33 feet high, and filled with water, the lower end 
being dipped into a tumbler of the same fluid, the wonder would 
be still greater. But as philosophical facts, one is no moie 
wonderful than the other, and both are readily explained by the 
principles above illustrated. 



669. Wliat is the principle on which the barometer is coDstmctedl 67a Deierllt 
the construction of the barometer, as represented by Fig. 131. 871. How is Ibecop 
of the portable barometer maile so as to retain the merciuy, and Mill allow tbeidrt* 
preiis upon it 1 572. What is the use of the metallic plate and «crew, Dndcr tbeM- 
torn of the cup ? 573. Explain the reason why the mercury does not liril outoftti 
iMirometer tube when its open end is dowuword. 
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K^ 674. Water Barometer. — It has already been shown, (563,) 
> that it is the pressure of the atmosphere on the fluid around 
- the tube, by which the fluid within it is forced upward, when 
the pump is exhausted of its air. The pressure of the air, we 
^ . have also seen, is equal to a column of water 33 feet high, or 
: of a column of mercury 29 inches high. Suppose, then, a tube 
83 feet high is filled with water, the air would then be entirely 
excluded, and were one of its ends closed, and the other end 
dipped in water, the eflfect would be the same as though both 
ends were closed, for the water would not escape, unless the air 
• "was permitted to rush in and fill up its place. The upper end 
being closed, the air could gain no access in that direction, and 
the open end being under water, is equally secure. The quan- 
' tity of water in which the end of the tube is placed, is not essen- 
tial, since the pressure of a column of water, an inch in diameter, 
provided it be 33 feet high, is jftst equal to a column of air of 
an inch in diameter, of the whole height of the atmosphere. 
Hence the water on the outside of the tube serves merely to 
guard against the entrance of the external air. 

5*75. The same happens to the barometer tube, when filled 
with mercurv. The mercury, in the first place, fills the tube 
perfectly, and therefore entirely excludes the air, so that when 
it is inverted in the cup or cistern, all the space above 29 inches 
IS left a vacuum. The same effect precisely would be produced, 
were the tube exhausted of its air, and the open end placed in 
the cup ; the mercury would run up the tube 29 inches, and 
then stop, all above that point being left a vacuum. 

676. ITrie mercury, therefore, is prevented from falling out 
of the tobft, by the pressure of the atmosphere on that which 
remains in the cistern ; for if this be removed, the air will enter, 
while the mercury will instantly begin to descend. This is 
called the cistern barometer. 

67 V. Wheel Barometer. — ^In the common barometer, the 
rise aud fall of the mercury is indicated by a scale of inches, and 
tenths of inches, fixed behind the tube ; but it has been found 
that very slight variations in the density of the atmosphere are 
not re^ily perceived by this method. It being, however, de- 
sirable that these minute changes should be rendered more 
obvious, a contrivance for increasing the scale, called the wheel 
barometer, was invented. 

674. IIow high does the fluid stand in the water barometer'? 675. What fills the 
•pace above 29 inches, in the barometer tube ? 576. What prevents the mercury 
from foiling out of the barometer lube 1 677. In tbe common barometer, how is the 
rise Mid fafl of the mercury indicated 1 Why was the wheel barometer invented 7 
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678. The whole length of the tube of ihe 
wheel barometer, Fig. 132, from G to A, is 34 
or 35 inches, and it is filled with mercury, as 
usu&l. The mercury rises in the short leg to 
the point o, where there is a small piece of 
glass floating on its surface, to wbicn there 
18 attached a silk string, passing over the pul- 
ley p. To the axis of the pulley is fixed an 
index, or hand, and behind t^is is a graduated 
circle, as seen in the figure. It is obvious, that 
a very slight variation in the height of the 
mfrcury at o, will be indicated by a considera- 
ble motion of the index, and thus changes in 
the weight of the atmosphere, hardly percepti- 
ble by the common barometer, will become 
quite apparent by this, 

579. Heightt Meamiredbythe Baromettr. — 
The mercnry in the barometer tube being sus- 

taned by the pressure of the atmosphere, and 

its medium altitude at ihe surface of the earth 

being 29 to 30 inches, it might be expected that if the instm- 
ment was carried to a height from the earth's surface, the mer- 
cury would suffer a proportionato fall, because the pressure must 
be fees at a distance from the earth, tlian at iu sur&ce, and ex- 
periment proves this to be the case. When, therefore, this 
instrument is elevated to any considerable height, the descent 
of the mercury becomes perceptible. Even when it is carried 
to the top of a hill, or high tower, there is a sensible depression 
of the fluid, so that the barometer is employed to measure the 
height of niount^ns and the elevation to which balloons ascend 
from the surface of the earth. On the top of Moot Blanc^ 
which is about 16,000 feet above the level of the sea, the me- 
dium elevation of the mercury in the tube is only 14 inches, 
while on the surface of the earth, as above stated, it ia 29 to 
30 inches. 

580. Diminution i^ Density. — The following table shows at 
what rate the atmosphere decreases in density, as indicated by 
the barometer. A part of these numbers are from actual ob- 

R8, Eipllin Fi(. 132, ind dfEcrim Ihr conalruction of Ihe wheel haromeler. SW 
bfihatBblelbceorrapnndenccbeineen ibi height, Ihe fsll of Ihe mercnrr, «S th» 
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servstions made fixun ascents in balloons, and a part from esti- 
mates. The medium pressure of the atmosphere, at the level 
of the sea, is estimated at 30 inches, and is expressed by 0. 



HEIGHT IN Hn.RH. 


PRX88URB. 


TEMPERATURE. 




Inches. 


Pahr. 





30.00 


60.0 


1 


24.61 


35.0 


2 


20.07 


19.5 


3 


16.35 


3.4 


4 


13.06 


13.3 


5 


10.41 


30.6 


10 


2.81 


126.4 


15 


.45 


240.6 



Thu§, according to this estimate, at the height of fifteen miles, 
the mercury falls to less than half an inch, while the cold is 
equal to 240 degrees below the zero of Fahrenheit. 

681. Principles of the Barometer applied to the Water 
Pump, — ^As the eflScacy of the pump depends on the pressure 
of the atmosphere, the barometer will always indicate the height 
to which it can be effectual at any given place. Thus, on Mont 
Blanc, where the barometer stands at only 14 inches, being less 
than one-half its height on the sea level, the water pump would 
only raise the fluid about 15 feet Hence, engineers and others, 
who visit elevated countries, should calculate by the barometer, 
from what depth they can raise water by aerial pressure, before 
they erect works for this purpose. 

At the city of Mexico and at Quito, for instance, the suction 
tabe can only act to the depth of 22 or 20 feet, while on the 
ffimalay mountains its rise will be only about 8 or 10 feet 

582. Use as a Weather Glass. — While the barometer 
stands in the same place, near the level of the sea, the mercury 
seldom or never falls below 28 inches, or rises above 31 inches; 
its whole range, while stationary, being only about 3 inches. 

583. These changes in the weight of the atmosphere^ indi- 
cate corresponding changes in the weather, for it is found, by 
watching these variations in the height of the mercury, that 
when it falls, cloudy or falling weather ensues, and that when 

681. How high will the pump raise water on Mont Bland To what height m 
Mexico and Quito ? 582. How many inches does a fixed barometer vary in height % 
SB3. When the mercury falls, what kind of weather is indicated 1 When the mer> 
eitry rises, what kind of weather may be expected 1 When fog and smoke descend 
toward the ground, is it a sign of a light or heavy atmosphere ? 



158 BAROMBTKB. 

it riAeff, fine clear weather may be expected. During the timft 
when the weather is damp and lowering, and the smbke cf 
chimneys descends toward the ground, the mercary remaiu de- 
pressed, indicating that the weight of the atmosphere, during 
such weather, is less than it is when the sky is dear. IIub oob- 
tradicts the common opinion, that the air is the heaviest irha 
it contains the greatest quantity of fog and smoke, and that it 
is the uncommon weight of the atmosphere which presBes than 
vapors toward the ground. 

584. A little consideration will show, that in this case tiie 
popular belief is erroneous, for not only the barometer, but all 
the experiments we have detailed on the subject of specific gmr- 
ity, tend to show that the lighter any fluid is, the deeper any 
substance of a given weight will sink in it Common observa- 
tion ought, therefore, to correct this error, for evefy body koom 
that a lieavy body will sink in water, while a light one will 
swim, and by the same kind of reasoning ought to conflider, 
that the particles of vapor would descend throu^ a light atmos- 
phere, while they would be pressed up into the higher regiooi 
by a heavier air. 

585. The following indications of the barometer with respect 
to tlie weather, may be depended on as correct, being tested hj 
the observations of the author : — 

I. In calm weather, when the wind, douds, or sun, indicate 
approaching rain, the mercury in the barometer is low. 

II. In serene, fine, settled weather, the mercury is high, and 
often remains so for days. 

III. Before great winds, and during their oontiQuance, from 
whatever quarter they come, the mercury sinks lowest, and 
especially if they come from the south. 

IV. During the coldest, clear days, when auntie wind from 
the north or west prevails, the mercury stands highest. 

V". After great storms, when the mercury has been lowest, it 
rises most rapidly. 

VI. It often requires considerable time for the mercury to 
gain its wonted elevation after a storm ; and on the contraiy, 
it sometimes rains without the usual corresponding change in 
its altitude. 

VII. In general, whether there are any appearances of change 
in the horizon or not, we may prognosticate rain whenever the 
mercury sinks during fine weather. 

684. By what analogy is it shown that the air is lightest when filled with TlMTl 
685. Mention the indications of the barometer concerning the weather. 
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t. Vin. When it rains with the mercury high, we may be sure 
Lt it will soon be fair. 

I 686. Use at Sea. — ^The principal use of the barometer, is on 
ird of ships, where it is employed to indicate the approach 
fitorms, and thus to give an opportunity of preparing accord- 
ly ; and it is found that the mercury suffers a most remark- 
le depression before the approach of violent winds, or hurri- 
JHHies. The watchful captain, pailicularly in southern latitudes, 
|s always attentive to this monitor, and when he observes the 
percury to sink suddenly, takes his measures without delay to 
iieet the tempest. During a violent storm, we have seen the 
iriieel barometer sink a hundred degrees in a few hours. 
'. 587. Preservation by the Barometer. — But we can not illus- 
inrte the use of this instrument at sea better than to give the 
Irilowing extract from Dr. Arnot, who was himself present at 
Ae time. *' It was,'* he says, ^^ in a southern latitude. The sun 
had just set with a placid appearance, closing a beautiful after- 
noon, and the usual mirth of the evening watch proceeded, 
when the captain's orders came to prepare with all haste for a 
storm. The barometer had begun to fall with appalling ra- 
pidity. As yet, the oldest sailors had not perceived even a 
threatening in the sky, and were surprised at the extent and 
hurry of the preparations ; but the required measures were not 
completed, when a more awful hurricane burst upon them than 
the most experienced had ever braved. Nothing could with- 
itand it ; the sails, already furled, and closely bound to the 
jards, were riven into tatters ; even the bare yards and masts 
were in a great measure disabled ; and at one time the whole 
rigging had nearly fallen by the board. Such, for a few hours, 
was the mingled roar of the hurricane above, of the waves 
around, and the incessant peals of thunder, that no human voice 
eould be heard, and amidst the general consternation, even the 
trumpet sounded- in vain. On that awful night, but for a Httle 
tube of mercury which had given the warning, neither the 
atarength of the noble ship, nor the skill and energies of her 

commander, could have saved one man to tell the tale." 

S, 

WATER FUMF8. 

588. The efficacy of the common pump in raising water, de- 
pends upon the force of atmospheric pressure, the principles of 



686. Of what use is the barometer on board of ships 1 When does the mercury 
■offer the most remarkable depression 1 587. What remaricable instance is stated) 
where a ship seemed to be saved by the use of th^ barometer ? 688. On what does 
the efficacy of the common pump depend 7 
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vkkh have been fully illuttmttd under the artidei, Air Pmp 
and Barometer. 

S89. An experiment, of which few are igDorant, and whidi 
all can make, shows the principle of the pntap in a very Btiik- 
ing manner. K one end of a straw be dipped into a vesHel of 
liquid, and Uie other end be sucked, the liquid will rise into tha 
mouth, and may be iwallowed. 

The principles which this experiment inTolree are ezaictly tba 
same aa those concerned in raising water by the pnmp. Tbt 
vessel of liquid answers to the well, the straw to the pnmp loe 
and the mouth acts as the piston, by which the air b momm. 

Water pumps are of three kinds, namely, the tuekinff, or torn- 
man pump, the lifting pump, and the forcing pomp. 

500. CoiiuoN Met A LUC 
Pump.— This {Fig. 133,) na. i» 

consists of a brass oriron bar- 
rel, A, containing at its up- 
per part a hollow piston and 
valve, opening upward. Be- 
low this there is another 
valve, also opening upward. 
The pipe and stop-cock C, 
are for the purpose of lotting 
the wat«r from the barrel to 
the tube, which descends into 
the well. • 

The action of this pump 
depends on the pressure of 
the atmosphere, and will be 
readily understood by the 
pupil who has learned what 
IS said under the articles air 
pump and baroTneter. 

591. On raising the lever, 
D, the piston. A, descends 
down the barrel, the lower 
valve, B, at the same mo- 
ment closing by the weight 
of the water, while the np- 




EfO. WhueiperlmenllsBOUd.uitlunntinrtheprincipleDri] 
HawmanrklndaafiiuinpiBTememioiiedl ^ Wtilch Eind la 
■crib* Ihe cnmmon pump. Eipldin how tbe common pump ki 
l«er Ij railed, what lake* place In Iba pumpbarrelt Wlieo II 
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ens and lets the water throagh. Then, on depress- 
rer, the piston rises, its valve closing, and elevating 
dxive it. By this action a vacuum would he formed 
« two valves, did not the lower one open and admit 
through the pipe above it The lever again being 
e same process is repeated, and the water is elevated 
It in an intermpted stieam. 

1^ with the stop-cock C, leading from tlie barrel to 
I added for the purpose of letting the water escape 
mner in cold weather, and thus prevent its freezing. 
though, in common language, this is called the suc- 
^ Btjllit will be observed that the water is elevated 
f or, in more philosophical terms, by atmoBpheric 
aly above the valve A, after which it is raised by lifl- 
Jie spout. The water, therefore, is pressed into the 
el by the atmosphere, and thrown out by the power 



fTiNG Pnup. — The 
^ properly so called, 
iton in the lower end 
Tel, and raises the 
qgb die whole dis- 
Ibrcing it upward, 
£ agency of the al^ 

twlion pump, the 
the atmoephero will 
rater 33 or 34 feet, 
ore, after which it 
ed to any height re- 

iBCiBO PuHP. — The 
mp differs from both 
.ving its piston solid, 
a valve, and also in 
«de pipe, through 
water is forced, in- 
ing in a perpencUcu- 
n, as in the others. 
e forcing pump is 
t by Ftp. 134, where A 




I a solid piston, working 
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air-tight in its barrel. The tube, C, leads from the barrel to 
the air-vessel, D. Through the pipe, P, the water is throwB 
into the open air. G is a guage, by which the pressure of the 
water in Uie air-vessel is ascertained. Through the pipe I, the 
water ascends into the barrel, its upper end being furnished 
with a valve opening upward. 

To explain the action of this pump, suppose the piston to bo 
down to the bottom of the barrel, and then to be raised upward 
by the lever L ; the tendency to form a vacuum in the barrel^ 
will bring the water up through the pipe I, by the pressure of 
the atmosphere. Then, on depressing the piston, lie valve at 
the bottom of the barrel will be closed, and Qie water, not find- 
ing admittance through the pipe, whence it came, will be forced 
through the pipe C, and opening the valve at its upper end, 
will enter into the air-vessel D, and be discharged through the 
pipe P, into the open air. 

The water is therefore elevated to the piston-barrel by the 
pressure of the atmosphere, and afterward thrown out by the 
force of the piston. It is obvious, that by this arrangement, 
the height to which this fluid may be thrown, will depend on 
the power applied to the lever, and the strength with which the 
pump is made. 

696. The air-vessel D contains air in its upper part only, the 
lower part, as we have already seen, being filled with water. 
The pipe P, called the discharging pipe, passes down into the 
water, so that the air can not escape. The air is therefore com- 
pressed, as the water is forced into the lower part of the veaad, 
and reacting upon the fluid by its elasticity, throws it out of the 
pipe in a continued stream. The constant stream which u 
emitted from the direction pipe of the fire-engine, is entirely 
owing to the compression and elasticity of the air in its air-?eip' 
sel. In pumps, without such a vessel, as the water is fofoed 
upward only while the piston is acting upon it, there must fat 
an interruption of the stream while the piston is ascending, aii 
in the common pump. The air-vessel is a remedy for this dfr' 
feet, and is found also to render the labor of drawing the water 
more easy, because the force with which the air in the vessel 
acts on the water, is always in addition to that given by the 
force of the piston, i 

595. Explain F\g. 134, and show in what manner the water is brought up throogb 
the pine I, and afterward thrown out at the pipe P. 596. Wh;^ does not theair C0> 
cape from the air-vessel in this pump 1 What effect does the air-vessel have on th* 
stream discharged 1 Why does the air-vessel render the labor of raising th« wattr 
more easy 7 
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597. AiKOSPHBRio AND FoRCiBo Pomp. — ^A cnrioiM com- 
pilation of the atmoepheric and forcing pumps, is the following 
Fig. 136. 

The atmospheric, is furnished with a rod no. I3s. 

and piston, with the valre 0, opening in the 
usual manner. The forcing piston B, is of 
solid metal, workiDg water-tight in ila bar- 
rel. The barrels are joined below the valve 
D, their pistons being also connected by a _ 
croBs-bar, A, between the rods, so that they *^' 
lise and &I1 together. 

Now when the lever is depressed, and the 
piatona raised, the water above the valve C 
it discharged at tlio spout in the manner of 
the common suction pump, and the space 
B filled by atmospheric pressure through 
tbe lower valve D, by the suction pipe. 
When tho pistons descend, this valve closes, 
ind the solid piston B, drives the water 
through the valve C, and above that piston 
and to the spout Thus one piston operates 
when the lever rises, and the other when it 
&lls, producing in effect a constant stream 
of water from the spout. 

In tlie construction of this pump, it should 
be considered that as both cylinders are 
filled at the same time, tlie suction pipe 
tnght to be large in proportion.., y 

69B. Stomach Pump. — The de^gn of 
te pump, of wbich there are several varieties, is to throw a 
faid into the stomach, and ag^n to withdraw it without chang- 
iig die apparatus, but only its position. In cases of poisoning, 
dtt contentH of the stomach may thus be diluted and withdrawn, 
iadnding the deleterious matter, and thus the life of tlie indi- 
ndoal be saved. 

699. That here described is from tbo Journal of the Franklin 
iMtitute. It consists of a common metallic fiyringe. A, Fiff. 
136, screwed to a cylindrical valve-bolt, B, wbidi contains two 
ovoid cavities, in each of which there is a loose, spherical me- 
tallic valve. The ends of the cavities are pierced, and the valves 




■nnvherie and f 
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lit exactly, cither of the orifices. Thus it makes no difiamM 
whii'h end of the valve-box is optunied, the valve &lling don 
ami elo^ng the orifices in either direction. The flexible Indii 
rulilwr tubes, C 1>, are attached to the opposite ends of ll» 
cavities. 

Now suppose ilic'thcn upper tube is introduced into lb 
etomnch, and tlie lower one into a basin of ivarm water ; in Uiii 
iioHitlon, on working tlie syringe the liquid would be injected 
nito the stomach, and tlic poison diluted ; then on rerening Ibt 
imsition, by turning the sjtinge in the hand, without withdrw- 
in^r tlio tube from the stomach, the valves drop on the otbet 
onficea, and the water b pumped from tbo stomach into tha 
basin, as represented by the figure. 

Tliis is an interesting and beautiful invention, and no doubt 
has been the instrument of saving many human lives in ' 
of poisoning, 

000. FiRK Engine. — The jfre mpine is a modification of Ibe 
forcing pump. It consists of two such pumps, the pistoni of 
wliicli are moved Iw a lever with equal arms, the common fill- 
ernm bi;iiig at C, Fiff. 137. 'WLile the piston A is det%cndii$, 
the oilier piston, B, is aicending. Tlie water is forced by ih* 
pressure of the atmosphere, through the common pipel', aoJ 
then dividing, ascends into the working barreb of each piston, 
where the valves, on both sides, prevent its return." By tht 
altcniuto depression of the pistons, it is then forced into the air- 
box D, and then, by the direction pipe E, is thrown wliere it is 
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winted. This machine acts precisely like the forcing pump, 
only that its power is. doubled, by having two pistons instead 
of one. 

601 . Rot ART Pnni'. — This is an ancient invention, thou^ 
mow than once re-invented and constructed in various forma in 
modem times. That here represented, Fig. 138, according to 
Hr. Ewkank, from whom the cut is taken, is one of the oldest, 
u well as best, ever constructed. 

The design is to produce a continued stream, by simply turn- 
ing a crank, thus converting the piston into cog-wheels, and the 
Tertical motion into a rotary one. 

Its construction is as follows : Two metallic cog-wheels, with 
obtuse teeth, are inclosed in a metallic case, so nicely fitted Co 
each other that the water can not escape between them. The 
teeth also work so accurately between each other as to retain 
th« fluid. The axle of one of the wheels is continued through 
one side of the case to receive the crank by which it is turned, 
the joint being secured by a collar of leather. 

One side of the case bwng removed in the figure to show the . 
construction, it will be observed that the motion of o — "■'■'■'■' 
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223. Center of gravity in man. — 
In mau the center of gravity is be- 
tween the hips, and hence, were his 
feet tied together, and hia arms tied 
to his sides, n very slight inclination 
of his body would carry the perpen- 
dicular of his center of gravity be- 
yond the base, and be would full. 
But when his limbs are free to move, 
he widens his base, and changes this 
center at pleasure, by throwing out 
his arms, as circumstances require. 

When a man runs, he inclines for- ^ 

ward, so that the center of gravity ' ^_j^ j g. 

may hang before his base, and in 

this position he is obhged to keep his feet constantly advandng, 
otherwise he would fall forward. 

■ A man standing on one foot, can not throw his body forward 
without, at the same time, throwing his other foot ba<^ward,in 
order to keep the center of gravity within the base, 

224. A man, therefore, standing with his heels gainst a p^ 
pendicular wall, can not stoop forwm^ without falling, becaoM 
the wall prevents his throwing any part of his body backward. 
A person, litUe versed in sucn thmgs, agreed to pay a certain 
sum of money for an opportunity of possessing himself of double 
the sum, by taking it fifom the floor with his heels ^^ainst the 
wall. The man, of course, lost his money, for in such a posture^ 
one can hardly reach lower than bis own knee. 

225. The base on which a man is supported, in walking or 
standing, is his feet, and the space between them. By tumiiw 
the toes out, this base is made broader, without taking mud 
from its length, and hence persons who turn their toes outward, 
not only walk more firmly, but more gracefully, than those who 
turn them inward. 

226. In consequence of the upright position of man, he B 
constantly obliged to employ some exertion to keep his balaooe. 
This seems to be the reason why children learn to walk with Ki 
much difficulty ; for after they have strength to stand, it re- 
quires considerable experience so to balance the body aa to Mt 
one foot before the other without falling. 

aa. Whfreislhecenttrof man'sgratilT) Why will a man fall with » illriillit 
ollaalion, when hlifeelud amu are Ilcdl •£». WhTcaD nol one who OaiMSiwtt 
bia hcplA agalut ■ wall stoop Ibrward ? ^S5- Whj does a petwin walk laoal Annlr, 
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227. By experience in the art of balancing, or of keeping the 
center of gravity in a line over the base, men sometimes peiform 
things that, at first sight, appear altogether beyond human 
power, such as dining nith the table and chaii standing on a 
single rope, dancing on a wire, &c. 

228. illustratiofi by Trtei. — No form, under which matter 
eiista, eacapea the general law of gravity, and hence vegetables, 
as well as animals, are formed with reference to the position of 
this center, in respect to the base. 

It is interesting, in reference to this circumstance, to obsen'e 
how esactly the tall trees of the forest conform to this law. 

The pine, which grows a hundred feet high, shoots up with 
as much eiaetness, with respect to keeping its center of gravity 
'within the base, as though it had been directed by the plumb- 
Hue of a master builder. Its limbs toward the top are sent off 
in conformity to the same taw ; each one growing in respect to 
tJie other, so a« to preeerve a due balance between the wnole. 

220. SHBPHBRna ov Lanubs. — Men, as already noticed, by 
practice in the art of balancing, 
perform feats which are won- 
derful to all beholders. The 
shepherds of Landes, in the 
aouth of France, are perhaps 
the only people who apply this 
art to the common busings of 
Ufe. These men walk on stilte 
from four to five feet high ; and 
their children, when quite 
young, who are intended to 
take the places of their fathers 
aa diepherds, are taught this 
* in otder to qualify tiiem for 



To strangers, passing their 
Strict, these men cut a figure 
at once ludicrous and surpris- 
ing. Fig. 36. But it is for 
their own convenience that this 



singular custom has been adopt- 
ed, for by this means the feet 

are kept out of the water which Shtfherd of Landa. 
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covers their land in tlie winter, and from the heated sand in the 
summer. Besides these comforts, the sphere of vision over a 
flat country is materially increased by the elevation, so that the 
shepherd can see his flock at a much greater distance than from 
the ground. 

By habit, it is said these men acquire the art of balancing 
themselves so perfectly as to run, jump, and dance on these 
stilts with perfect ease. They walk with surprising quickness, 
so that footmen have to do their best to keep up with them. 

CENTER OF INERTIA, OR INACTIVITT. 

230. It will he remembered that inertia (22) w one of the 
inherent, or essential properties of matter, and that it is in con- 
sequence of this property, when bodies are at rest, that they never 
move without the application of force, and when once in motion, 
that they never cease moving without some external cause, (27.) 

231. Now, inertia, though like gravity, it resides equally in 
every particle of matter, must have, like it, a center in each par- 
ticular body, and this center is the same with that of gravil^. 

232. In a bar of iron, six feet long and two inches square, 
this center is just three feet from each end, or exactly in the 
middle. If, therefore, the bar is supported at this point, it will 
balance equally, and because there are equal weights on both 
ends, it will not fall 

Now suppose a bar should be raised by raising up the center 
of gravity, then the inertia of all its parts would be overcome 
equally with that of the middle. The center of gravity is, 
therefore, the center of inertia. 

233. But, suppose j^^ 3g 
the same bar of iron, 
whose inertia was over- 
come by raising the 
center, to have balls of 

different weights at- Center of itu^ia. 

tached to its ends; 

then the center of inertia would no longer remain in the middle 

of the bar, but would be changed to the point A, Fig, 36, so 

that, to lift the whole, this point must be raised, instead of the 

middle, as before. ^ 





230. What effect does inertia exert on bodies at rest 7 What effect does it have on 
bodies in motion 1 231. Is the center of inertia, and that of gravity, the same 1 238. 
'" is the center of inertia in a body, or a system of bodies 7 233. Why is Um 
^ertia changed, by fixing different weights to the ends of the hron bar 1 
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no. 87. 



234. When two forces counteract, or balance each other, they 
are said to be in equilibrium, 

235. It is not necessary for this purpose that the weights 
opposed to each other should be equally heavy, for we have 
just seen that a small weight, placed at a distance from the 
center of inertia, will balance a large one placed near it To 
produce equilibrium, it is only necessary that the weights on 
each side of the support should mutually counteract each other, 
or if set in motion, that their momenta should be equal. 

236. A pair of scales are in equilibrium when the beam is 
in a horizontal position. 

To produce equilibrium in solid bodies, therefore, it is only 
necessary to support the center of inertia, or gravity, 

237. If a body, or sev- 
eral bodies, connected, be 
suspended by a string, as 
in Fiy, 37, the point of 
support is always in a per- 
pendicular line above the 
center of inertia. The 
plumb-line, D, cuts the bar 
connecting the two balls at* 
this point. Were the two 
weignts in this figure equal, 
it is evident that the hook, 
or point of support, must 
be in the middle of the string, to preserve the horizontal 
position. 

238. When a man stands on his right foot, he keeps himself 
in equilibrium, by leaning to the right, so as to bring his center 
of gravity in a perpendicular line over the foot on which he 
stands. 




Equilibrium. 



CURVILINEAR, OR BENT MOTION. 

239. We have seen that a single force acting on a body, (183,) 
drives it straight forward, and that two forces acting crosswise, 
drive it midway between the two, or give it a diagonal direc- 
tum, (190.) 

234. What is meant b/ equilibrium 1 S35. To produce equilibrium, must the 
weights be equal 7 236. Wben is a pair of scales in equilibrium 1 237. When a body 
is 8on;>eDded Dy a string, where must the support be with respect to the point of in* 
ertia T 239. What is meant by curvilinear motion 1 
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Curvilinear motion differs from both these ; the direction of 
the body being neither straight forward nor diagonal, but through 
a line which is curved. 

This kind of motion may be in any direction ; but when it is 
produced in part by gra\aty, its direction is always toward the 
earth. 

239. A stream of water from an aperture in the side of a 
vessel, as it falls toward the ground, is an example of a curved 
line ; and a body passing through such a hne, is said to have 
curvilinear motion. Any body projected /oi'ward, as a cannon- 
ball, or rocket, falls to the earth in a curved line. 

240. It is the action of gi'avity acioss the course of the stream, 
or the path o^ the ball, that bends it downward and makes it 
form a curve. The motion is, therefore, the result of two forces, 
that of projection, and that of gravity. 

241. In jets of water, the shape of the curve will depend on 
the velocity of the stream. When the pressure of the water is 
great, the stream, near the vessel, is nearly horizontal, because 
its velocity is in proportion to the pressure. When a ball first 
leaves the cannon, it describes but a slight curve, because its 
projectile velocity is then greatest. 

242. The curves described by jets of water under different 
degrees of pressure, are readily illustrated by tapping a tall 
vessel in several places, one above the other. 

243. The action of gravity being always the same, the shape 
of the curve described must depend on the velocity of the mov- 
ing body ; but whether the projectile force be great or small, 
the moving body, if thrown horizontally, will reach the ground 
from the same height in the same time. 

This, at first thought, would seem improbable ; for, without 
consideration, most persons would assert, that, if two cannons 
were fired from the same spot at the same instant, and in the same 
direction, one of the balls falling half a mile, and the other a 
mile distant, that the ball which went to the greatest distance 
would take the most time in performing its journey. 

244. But it must be remembered, that the projectile force 
does not in the least interfere with the force of gravity. A ball 



239. What are examples of this kind of motion 1 240. What two forces prodaca 
this motion 1 241. On what does the shape of the curve depend ? 242. How are the 
curves described by jets of water illustrated ? 243. What difference is there in re- 
spect to the time taken by a body to reach the ground, whether the curve be great or 
small 1 244. Why do bodies, forming different curves from the same height, reach 
the ground at the same time ? Suppose two balls, one flying at the rate of a thousand, 
and the other at the rate of a hunared feet per second, which would descend most 
ng the second 1 
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flying horizontally, at the rate of a thousand feet per second, is 
attracted downward with precisely the same force as one flying 
only a hundred feet per second, and must, therefore, descend 
the same distance in Uie same time. 

245. The distance to which a ball will go, depends on the 
force of impulse given it the first instant, and, consequently, on 
its projectile velocity. If it moves slowly, the distance will be 
short; if more rapidly, the space passed over will be greater. 
It makes no difference, then, in respect to the descent of the 
ball, whether its projectile motion be fast or slow, or whether it 
moves forward at all. 

246. Falling of Cannon Balls, — This may be shown by ex- 
periment. Suppose a cannon to be loaded with a ball, and 
placed on the top of a tower, at such a height from the ground, 
that it would take just four seconds for the ball to descend from 
it to the ground, if let fall perpendicularly. Now, siippose the 
cannon to be fired in an exact horizontal direction, and, at the 
same instant, the ball to be dropped toward the ground. They 
will both reach the ground at the same instant, provided its 
surface be a horizontal plane from the foot of the tower to the 
place where the projected ball strikes. 

24*7. Demonstration, — This is demonstrated by Fig, 38, where 
A is the cannon from which the ball is to be fired, a the ver- 
tical line of the descending ball. A, B, 1, a, the parallelogram 
through which the ball passes during the first second. 

Now the ball dropped in the vertical direction, will descend 
16 feet the first second, increasing its velocity according to the 
law of falling bodies already explained. Meantime the pro- 
jected ball passing through the diagonal of the upper parallelo- 
gram, will arrive at 1, while the other falls to a. During the 
next second the vertical ball will fall to 6, while the other, in 
consequence of its projectile force, will pass through the diago- 
nal of the parallelogram 6, 2, C, A. 

The same laws of descent being continued, it is obvious, that 
the two balls will reach d, 4 at the same instant. 

248. From these principles it may be inferred, that the hor- 
izontal motion of a body through the air, does not interfere 
with its gravitating motion toward the earth, and, therefore, 

215. Does it make any difference in respect to the descent of the ball, whether it 
has a projectile motion or not 1 246. Suppose, then, one ball be fired from a cannon, 
and another let fail from the same height at the same instant, would they both reach 
the ground at the same time 1 247. Explain Fig. 38, showing the reason why the 
two balls will reach the ground at the same time. Why does the ball approach the 
earth more rapidly in the last part of the curve than in the first parti 2A&. What ii 
the inference from these principles ? ^ 
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Ijiat a rifle-ball, or any other body projected horizontally, will 
reach the ground in the same penod of time as one that is let 
&11 perpendicularly from the same height 

249. The two forces acting on bodies which fell through 
curved lines, are the same aa the centrifugal and centripe^ 
forces, already explained ; the ccntrifiigal, in case of the ball, 
being caused by the powder — the centripetal, being the action 
of gravity, (108.) 

250. Now the apace tlirough which a cannon-ball, or any 
other body, can he thrown, depends on the velocity with whidi 
it is projected ; for the attraction of gravitation, and the reli- 
ance of the air, acting perpetually, the time which a projectile 
can be kept in motion through the ^r is only a few momenta. 

■ Perpetual Revoluti<m.—Jl the projectile he thrown &om an 
elevated situation, it is plain that it would strike at a greater 
distance than if thrown on a level, because it would remain 
longer in the air. Every one knows that he can throw a stone 
to a greater distance when standing on a steep hill, than when 
BtandiDg on the plain below. 

251. Suppose the circle, J^iff. 39, to bo the earth, and A, a 
high mountain on its surface. Suppose that Uiis mountain 

»9. WhallilhelbrcF culled wbkh throws a ball forntirdl WhU ialhctcalM 
Hbich brings It lo Ihe (rounil 1 260, Oti what dnes the dinuice In which > projecltd 
body miy be rhrowo, depenill Wh; does the drelance depend on Out *elatin1 
SEl. Suppose theie)oeil7 of a cannon-ball ihol from ■moDDtaiBUImilcihiib to In 
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readies above the ntmoa- fig. 39. 

pliere, or is fifty miles 
nigli, then a canDon-ball 
might perhaps reach 
from A to B, a distaoce 
of eightj or a hundred 
miles, because the resist- 
ance of the atmosphere 
being out of the calcula- 
tion, it would have noth- 
ing to coDteud with, ex- 
cept the attraction of 
graritadon. I^then,one 
degree of force, or veloc- 
ity, would send it toB, 
another would ftend it to 
C; and if the force was 

increased three times, it would fall to D, and if four times, it 
would pass to E. If^ now, we suppose the force to be about ten 
times greater than that with which a cannon-ball is projected, 
it would not fall to the earth at any of tliese points, but would 
continue its motion until it again came to the point A, the place 
from which it was first projected. 

252. It would now be in eijuilibrium, the centrifugal force 
being just equal to that of gravity, and, therefore, it would per- 
form another and another revolution, and so continue to revolve 
around the eartli perpetually. 

253. It is these two forces which retain the heavenly bodies 
in their orbits ; and in the case we have supposed, our cannon- 
ball would become a little satellite, moving perpetually round 
the earth. 




254. Law and Forob of Pbojectilbb. — Ever since the dis- 
covery of gunpowder, the laws of projectiles have been studied 
with attention, as being of importance in the art of war. Many 
learned and elaborate works have been published on the sub- 
ject, but our limits will only admit the insertion of a few of the 
most important priodples of Gunnery. 

266. A projectile, as a bullet from a gun, unless it has a 

EcplAln Piff. aft. 2G2. Wh«n would 
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vertical direction, is acted on by two forces, that of prqjeetioii, 
which carries it forward, and that of gravity, which draws it 
downward. Its path, therefore, is a curve, called a parabola. 

256. The distance to which the ball will fly, depends on the 
force of projection, since, if its direction is horizontal, its M 
toward the earth by the force of gravity (250) will be the same, 
whether its velocity be great or small. 

25*7. The resistance of the atmosphere, is the great impedi- 
ment to the efiects of projectile forces. Thus it has been de- 
monstrated that a 24-lb. cannon-ball, discharged at an elevation 
of 45*^, and at the velocity of 2000 feet per second, would, in 
vacuo, reach the horizon-distance of 125,000 feet, but the re- 
sistance of the air limits its range to 7,300 feet. 

258. Velocity of the Ball. — There are several methods 
of computing the velocity of the ball, one of which is by means 
of the Ballistic pendulum. This is a thick, heavy block of 
wood, so suspended as to swing freely about on axis, and into 
this the ball is fired. The weight of the ball, and that of the 
block being known, the velocity is found, by the degrees of mo- 
tion given to the pendulum, which is accurately measured by 
machinery. 

259. Recoil of the Gun, — ^Another method of finding the 
velocity of the ball, is by means of the recoil of the gun. This 
method is founded on the supposition that the explosive force 
of the powder, communicates equal quantities of motion to the 
gun and ball, in opposite directions. Hence, by suspending 
the gun, loaded with weights, like a pendulum, the extent of its 
arc of vibration, will indicate the force of the charge, and by 
knowing the weights of the gun and ball, its velocity is indica- 
ted. By such means Dr. Button constructed the following 
table : — 



POWDER. 


VELOCITY PER BECOND. 


DISTANCE. 


TIME OF FLIGHT. 


Ouncei. 

2 

4 

8 

12 


Feet. 

800 
1230 
1640 
1680 


Feet. 

4100 
5100 
6000 
6700 


Seconds. 

9 
12 

15| 



260. Experiment shows that the velocity of the ball increases 



256. On what does the distance of a projectile depend 1 257. What is said of at- 
mospheric resistance? 258. What is the construction of the balHstio pendohunl 
869. What Is the other method of estimating the velocity of the ball Y 
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with the charge, to a certain extent, which is peculiar to each 
gun, after which the increase diminishes the force, until the 
bore is quite full. 

261. The greatest velocity of a ball known, is about 2000 
feet per second, and this from a cannon. This velocity dimin- 
ishes, soon after it leaves the gun. 

262. Power and Destruction, — The penetration of the ball 
is as the square of its velocity. Hence, when the object is 
merely to penetrate, as in the breaching of a fortification, the 
great^t velocity is given. But in naval combats, the utmost 
velocity is not the most injurious, the most destructive balls 
being such as merely pierce the ship's sides. 



MANUFACTURE OF PERCUSSION CAPS. 



263. The processes by which percussion caps are made at the 
establishment of Mr. Mclntyre, in the city of Hartford, Ct., are 
as follow : — 

264. First, — ^The copper is rolled to about the thickness of 
stout brown paper, and is then cut into strips three-fourths of an 
inch wide, and several yards long. The end of such a strip 
being placed between the rollers of a cutting and punching 
machine, invented for this purpose, the whole, without further 
attention, is cut into star-like pieces of the form and size repre- 
sented by Fig, 40, A being the piece cut out, and B, the ap- 
pearance of the strip of copper after the operation. 

FIG, 40. 




First shape of the Copper. 

These pieces are instantly moved, by the same engine, under 
the punch, by which they are driven through a finely creased 
die, and are thus formed into caps which fall into a vessel 
below. 

These stellate pieces, being struck by the punch in the cen- 
ter, the extremities are thus brought into contact, but not 
joined, so that the caps consist of four portions connected at the 
bottom, like the four quarters of an orange peel. 

260. How far does the velocity of the ball increase with that of the charge 1 261. 
Wbat IB the greatest Telocity of a ball 1 262. What velocity of the ball is most de> 
ttmctivet 
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When the caps are exploded by the hammer, these <}narton 
open and thus prevent the tearing of the metal which, if solid, 
would be apt to 8y info fragments and thus endanger the 
eje§. 

265. Second. — ^The caps are next placed in a revolving tr^lia- 
dcr containing saw-dust, by which they are made dean and 
bright. 

They are now ready to receive the Julminating pounder, the 
explosion of which sets fire to the powder in the gun-baneL 

The caps are now placed, a handful at a time, on a sheet of 
iron, three feet long, eight inches wide, and the fourth of an 
inch thick, pierced with holes a quarter of an inch apart, as 
shown by Fig. 41. This being placed in a horizontal position, 
and shaken, the capa find their way into the aperturoa, with 
tiieir open ends up, in a manner that is quite suTprising. 




266 Tkird — A piece of brass plate, of the exact size of that 
containing the caps, is pierced with apertures to correspond with 
each and eieiy cap, but smaller in size, as shown by Fig. 42. 
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TUbb plate, being about the sixth of an inch thick, is laid on 
a smooth surface, and the fulminating compound, a little moist- 
ened by gum-water, is rubbed into the apertures with the hand, 
we it adheres, that remaining on the surface being rubbed o£ 
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267. Fourth, — This brass plate, being laid on that contain- 
ing the caps, each aperture corresponding to a cap, the powder, 
by means of a brush, is made to fall into the caps. 

268. Fifth. — ^The caps are now charged with the powder, 
in a loose state, and requires a gentle pressure to fix it in its 
place. 

This is done by placing the plate, containing them, as above 
described, under rows of punches, which are worked with a httle 
cam engine, and by which the punches are hfted, while the 
plate is moved forward, by means of a click and notches, so as 
to correspond exactly with the fall of the punches, by the press- 
ure of which, the powder is ^ed in its place. 

269. Sixth. — ^The best caps are varnished, in order to pro- 
tect them from moisture. It being the powder only which 
requires this protection, in France it is done with a httle brush 
on each cap held in the fingers. But Mr. Mclntyre has invented 
a much more expeditious way, and which insures the same 
quantity in each cap. 

This is done by a small machine, consisting of two cams ; a 
click working in horizontal notches, and a crank, by which 
the whole is moved. On the platform or bed of this, is laid the 
plate. Fig, 41, containing the caps, (268,) and on working the 
machine, two dozen blunt metallic points are alternately dipped 
into a Httle trough containing copal varnish, and then into the 
caps, these being moved by the click, to correspond with the 
revolution of the cams by which the motions of these points 
are produced. In this way hundreds of caps are varnished in 
a few minutes. 

270. Seventh, — The edges of the best caps are poUshed, one 
at a time, by holding them with pliers for a second on a spindle 
of steel, revolving a thousand times a minute, the point of 
which enters the cap, the edge rubbing against a shoulder, by 
which the work is done. 

With two engines, as above described, the proprietor esti- 
mates the number of caps made per day, to be about 100,000, 
a market being always ready for all he can make. 

RESULTANT MOTION. 

271. Resultant motion consists in the operation of two, or 
more^forceSj the joint action of which^ results in unity of effect, 

2fl. What is meant by resaltant motion 1 Suppose two boats sailing at the sama 
rate and in the same direction, if an apple ht tossed from one to the other, what will 
be its direction in reject to the boats 1 
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Suppose two men to be sailing in two boats, each at the 
rate of four miles an hour, at a short distance opposite to each 
other, and suppose as they are saiting along in this manner, one 
of the men throws the other an apple. In respect to the boats, 
the apple would pass directly across from one to the other, that 
is, its line of direction would be at right-angles with the sides 
of the boats. But its actual line through the ah* would be 
oblique, or diagonal, in respect to the sides of the boats, because, 
in passing from boat to boat, it is impelled by two forces, viz., 
the force of the motion of the boat forward, and the force by 
which it is thrown by the hand across this motion. 

272. This diagonal motion • 

of the apple is called the re- fig. 43, 

sultant, or the resulting mo- ^ G. 

tion, because it is the effect or 
result of two motions resolved 
into one. Perhaps this will 
be more clear by Fig, 43, 
where A B, and C D, are sup- ^ E S" 

posed to be the sides of the Diagonal Motion, 

two boats, and the line E F, 

that of the apple. Now the apple, when thrown, has a motion 
with the boat at the rate of four miles an hour, from C toward 
D, and this motion is supposed to continue just as though it had 
remained in the boat. 

273. Had it remained in the boat during the time it was 
passing from E to F, it would have passed from E to H. But we 
suppose it to have been thrown at the rate of eight miles an 
hour, in the direction toward G ; and if the boats are moving 
south, and the apple thrown toward the east, it would pass in 
the same time t^vice as far toward the east as it did toward the 
south. Therefore, in respect to the boats the apple would pass 
at right-angles from the side of one to that of the other, because 
they are both in motion.* But in respect to a right line, drawn 
from the point where the apple was thrown, and a parallel line 
with this, drawn from the point where it strikes the other boat, 
the line of the apple would be oblique. This will be clear, when 
we consider that, when the apple is thrown, the boats are at the 
points E and G, and that when it strikes, they are at H and F, 
these two points being opposite to each other. 

What would be its line through the air in respect to the boats? 272. What is this 
kind of motion called 1 Why is it called resultant motion! Explain Fig. 43. 273. 
W^hy would the line of the apple be actually at right-angles in respect to the boats, 
but oblique in respect to parallel lines drawn from where it was thrown and wheft 
it struck 1 How is this further illustrated 1 
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The line E F, through which the apple is thrown, is called 
the diagonal of a parallelogi'am, as already explained under 
compound motion. 

274. On the above principle, if two Aips, during a battle, are 
sailing before the wind at equal rates, the aim of the gunners 
will be exactly the same as though they stood still ; whereas, if 
the gunner fires from a ship standing still, at another under sail, 
he takes his aim forward of the mark he intends to hit, because 
the ship would pass a httle forward while the ball is going to her. 

2*76. And so, on the contrary, if a ship in motion fires at an- 
other standing still, the aim must be behind the mark, because, 
as the motion of the ball partakes of that of the ship, it will 
strike forward at the point aimed at. 

276. For the same reason, if a ball be dropped from the top- 
mast of a ship under sail, it partakes of the motion of the ship 
forward, and will fall in a line with the mast, and strike the same 
point on the deck as though the ship stood still. 

K a man upon the full run drops a bullet before him from 
the height of his head, he can not run so fast as to overtake it 
before it reaches the ground. 

It is on this principle, that if a cannon-ball be shot up verti- 
cally from the earth, it will fall back to the same point ; for, 
although the earth moves forward while the ball is in the air, 
yet, as it carries this motion with it, so the ball moves forward, 
also, in an equal degree, and, therefore, comes down at the 
same place. 

HOROI..OGT. 

277. This term^ derived from the Oreeh^ means, to indicate 
the hour. It is the science of time-keeping. 

278. For this purpose, a great variety of instrmnents have 
been invented, by some of which, time was measured by the 
dropping of water, as in the clepsydra, or water-clock, in others, 
by the running of sand, as in the hour-glass, or by the revolu- 
tion of the sun, by means of the gnomon, or sun-dial. But 
these ancient methods have given place to the modern inven- 
tion of clocks, regulated by the pendulum, and watches, regu- 
lated by a balance-wheel. 



. 274. When the ships are in equal motion, where does the gunner take his aim 1 
. Why does he aim forward of the mark when the other ship is in motion 1 275. If a 
ship in motion fires at one standing still, where must be the aim 1 Why, in this case, 
must the aim be behind the mark 1 276. What other illustrations are given of result* 
ant motion 1 277. What is the meaning of horology 7 27a What were the ancient 
meCbods of keeping time 1 
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Penduhun, 



PENDULUM. 

279. A pendulum is a heavy body, such as apiece ofhroM 
or leady suspended by c^f/nre or cord, so as to swing backward 
and forward. 

When a peDdulum swings, it is said to vibrate ; and that 
part of a circle through which it vibrates, is called lis arc. 

280. The times of the vibration of a pendulum are very 
nearly equal, whether it pass through a greater or less part of 
its arc. 

Suppose A and fig. 44. 

B, Fig, 44, to be 
two pendulums of 
equal length, and 
suppose the weights 
of each are carried, 
the one to C, and 
the other to D, and 
both let i^ll at the 
same instant ; their 
vibrations would be 

equal in respect to time, the one passing through its arc from 
G to E, and so back again in the same time that the other 
passes from D to F, and back again. 

281. Tlie reason of this appears to be, that when the pendu- 
lum is raised high, the action of gravity draws it more directly 
downward, and it therefore acquires in falling a greater com- 
parative velocity than is proportioned to the trifling difference 
of height. 

282. Common Clock. — In the common clock, the pendulum 
is connected with wheel-work, to regulate the motion of the 
hands, and with weights, by which the whole is moved. The 
vibrations of the pendulum are numbered by a wheel or 
escapement, having thirty teeth, which revolves once in a 
minute. Each tooth, therefore, answers to one vibration of the 
pendulum, and the wheel moves forward one tooth in a second, 
Thus the second-hand revolves once in every sixty beats of the 
pendulum ; and, as these beats are seconds, it goes round once 
in a minute. By the pendulum the whole machine is regu- 
lated, for the clock goes faster or slower, according to its num- 

279. What is a pendulum 7 280. What is meant hy the vibration of a pendulum 1 
What is that part of a circle called throiigh which it swings 1 281. Why does the 
pendulum vibrate in equal time whether it goes through a small or large part of itfl 
arc 1 282. Describe the common clock. Uow many vibrations has the penduhun in 
a minute 1 



bar of vibrations in & g^ven time. The number of vibrations 
vrhich a pendulum makes in a given time depends upon its 
length, because a long pendulum does not perform its joar- 
n&y to and from the corresponding points of its arc so soon as a 
short one. 

283. As the motion of the dock is regulated entirely by the 
pendulum, and aa the number of vibrations are as its length, 

■ the least variation in this respect will alter its rate of going. 
To beat seconds, its length must be about thirty-nine inches. 
In the common clock, the length ia regulated by a screw, which 
raises and lowers the weight. But as the rod to which the 
Tveight is attached is subject to variations of length, in conse- 
quence of the change of the seasons, being contracted by cold 
and lengthened by heat, the common clock goes fitst«r in win- 
ter than in summer. 

In the small clocks of the present day, no. V, 

the pendulum 0Bcillat«8 tvrice and some- c 

times more in a second, and consequently © 

the escapement most have 60 or more 
taeth, the second-hand performing two I 

revolutions in a minute. 

llie length of a pendulum beating two 
seconds is the square of that beating 
seconds. If the length of the seconds 
pendulum be 3H indies, then that boat- 
ing two seconds will be about 13 feet. 

A pendulum beating half seconds is in 
length, as the square root of that beating 
seconds, or about 10 inches long^ +-»*+> 

284, CMdiron pendulum.— Vanova 
means have been contrived to counteract 
the effects of these changes, so that the 
pendulum may continue the same lengtli 
tiie whole year. Among inventions for 
this purpose, the gridiron pendulum is 
considered among the beet It is so called, 
because it consists of several rods of dif- 
ferent metab connected together at each 
end. 



glT«D line ^ Whal ia thu medium length of th 
Uitpriaelp^onwbich tii«frjdiroDp«iduIum 1 
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286. The principle on which this pendulum is constructed is 
derived from the fact that some metals dilate more by the same 
degrees of heat than others. Thus, brass will dilate about twice 
as much by heat, and, consequently, contract twice as much by 
cold, as steel. I^ then, these differences could be made to 
counteract each other mutually, given points at each end of a 
system of such rods would remain stationary the year round, 
and thus the clock would go at the same rate in all climates, and 
during all seasons. 

286. Suppose, then, steel bars A B, are firmly fixed to cross 
bars at each end, as seen by Fig. 45, and that on the lower 
cross bar, the brass rods 1 2, are also fixed, then the steel bars 
can expand only downward, and the brass ones, only upward. 
Now as the pendulum rod passes through the lower cross bar, 
and is fixed to the upper cross piece of the brass rods, it will be 
seen that the elongation of the two metals by heat mutually 
counteract each other, and therefore that the point of suspen- 
sion, a, and the pendulum weight, 6, will always remain at the 
same distance from each other. It is found by experiment that 
ihQ expansion of brass to that of steel is in the proportion of 
100 to 61. 

287. Chravity varies the Vibrations. — As it is the force of 

fravity which draws the weight of the pendulum from the 
ighest point of its arc downward, and as this force increases or 
diminishes as bodies approach toward the center of the earth, 
or recede from it, so the pendulum will vibrate faster or slower 
in proportion as this attraction is stronger or weaker. 

288. Now it is known that the earth at the equator rises 
higher from its center than it does at the poles, for toward the 
poles it is flattened. The pendulum, therefore, being more 
strongly attracted at the poles than at the equator, vibrates 
more rapidly. For this reason, a clock that would keep exact 
time at the equator would gain time at the poles, for the rate at 
which a clock goes depends on the number of vibrations its pen- 
dulum makes. Therefore, pendulums, in order to beat seconds, 
must be shorter at the equator, and longer at the poles. 

For the same reason, a clock which keeps exact time at the 
foot of a high mountain, would move slower on its top. 

285. What are the metals of which this instrument is made 1 286. Explain Fig. 45, and 
give the reason why the len^h of the pendulum will not change by the variations of 
temperature. 287. What is the downward force which makes the pendulum vibrate 1 
Explain the reason why the same clock would go faster at the poles, and slower at 
the equator. 288. How can a clock which goes true at the equator be made to go 
true at the poles 1 Will a clock keep equal time at the foot and on the top of a hiu 
mountain? Why will it not 1 
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289. Metronome. — ^There is a short pendulum, used by mu- 
sicians for marking time, which may be made to vibrate fast or 
slow, as occasion requires. This little instrument is called a 
metrovuyme^ and besides the pendulum, consists of several wheels, 
and a spiral spring, by which the whole is moved. This pen- 
dulum is only ten or twelve inches long, and instead of being 
suspended by the end, like other pendulums, the rod is pro- 
longed above the point of suspension, and there is a ball placed 
near the upper, as well as at the lower extremity. 

290. This arrangement will be under- 
stood by Fig, 46, where A is the axis ^Q- ^' 
of suspension, B the upper ball, and C -n 1 
the lower one. Now, wnen this pendu- X^rX 
lum vibrates from the point A, the up- 
per ball constantly retards the motion of < a. 
the lower one, by in part counterbalanc- 
ing its weight, and thus preventing its 
full velocity downward. 

291. Perhaps this will be more ap- 
parent, by placing the pendulum. Fig, 
47, for a moment on its side, and across 
a bar, at the point of suspension. In 
this position, it will be seen that the 
little ball would prevent the large one 
from fjEdling with its full weight, since, 
were it moved to a cer- ^®- ^• 
tain distance from the 
point of suspension, it 
would balance the large 

one so that it would not Metronome. 

descend at all It is plain, 

therefore, that the comparative velocity of the large ball will be 
in proportion as the small one is moved to a greater or less dis- 
tance from the point of suspension. The metronome is so con- 
structed, the little ball being made to move up and down on 
the rod at pleasure, that its vibrations are made to beat the 
time of a quick or slow tune, as occasion requires. 

By this arrangement, the instrument is made to vibrate every 
two seconds, or every haH or quarter of a second, at pleasure. . 
Metronome means time measurer, , ^ 

289. What is the metronome ? How does this pendulum diffbr from the common 
pendohims 1 290. Explain Fig. 46. 291. flow does the upper ball retard the motion 
of the lower one ? How is the metronome made to go faster or slower, at pleasure % 
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CHAPTER IV. 

MECHANICS. 

292. Mechanics is a science which investigates the iatos and 
effects of force and motion. 

293. The practical object of this science is, to teach the beet 
modes of overcoming resistances by means of mechanical powens 
and to apply motion to useful purposes, by means of madiinery. 

294. A machine is any instrument by which power, motico, 
or velocity, is applied or regulated. 

295. A macnine may be very simple, or exceedingly com- 
plez. Thus, a pin is a machine for fastening clothes, and a 
steam-engine is a machine for propelling milk and boats. 

As machines are constructed for a vast variety of purposes, 
their forms, powers, and kinds of movement, must depend on 
their intended uses. 

Several considerations ought to precede the actual oonstruc- 
tion of a new or untried machine ; for if it does not answer the 
purpose intended, it is commonly a total loss to the buUder. 

Many a man, on attempting to apply an old principle to a 
new purpose, or to invent a new machine for an old purpose, 
has been sorely disappointed, having found, when too late, that 
his time and money had been thrown away, for want of proper 
reflection, or requisite knowledge. 

If a man, for instance, thinks of constructing a machine for 
raising a ship, ho ought to take into consideration ih& inertia or 
weight, to be moved — the force to be applied — the strength of 
the materials, and the sjpace or situation he has to work in. 
For, if the force applied, or the strength of the materials be in- 
sufficient, his machine is obviously useless ; and if the force and 
strength be ample, but the space be wanting, the same result 
must follow. 

If he intends his machine for twisting the fibers of flexible 
substances into threads, he may And no difficulty in respect to 
power, strength of materials, or space to work in, but if the 

292. Wliat is mechanics? 293. What is the object of this science) 291. What is 
a machine 7 296. Mention one of the most simple, and one of the most complex of 
machines. 
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velocity, direction, and kind of motion lie obtains, be not appli- 
cable to the work intended, he still loses his labor. 

Thousands of machines have been constructed, which, so far 
as regarded the skill of the workmen, the ingenuity of the con- 
triver, and the construction of the individual parts, were models 
of art and beauty ; and, so far as could be seen without trial, 
admirably adapted to the intended purpose. But on putting 
them to actual use, it has too often been found, that their only 
imperfection consisted in a stubborn refusal to do any part of 
the work intended. 

Now, a thorough knowledge of the laws of motion, and the 
principles of mechanics, would, in many instances, at least, have 
prevented all this loss of labor and money, and spared him so 
much vexation and chagrin, by showing the projector that his 
machine would not answer the intended purpose. 

The importance of this kind of knowledge is therefore ob- 
vious, and it is hoped will become more so as we proceed. 

DEFINITIONS. 

296. In mechanics, as well as in other sciences, there are 
words which must be explained, either because they are com- 
mon words used in a pecuhar sense, or because they are terms 
of art, not in common use. All technical terms will be as much 
as possible avoided, but still there are a few, which it is neces- 
sary here to explain. 

297. I^orce is the means by which bodies are set in motion, 
kept in motion, and when moving, are brought to rest. 
The force of gunpowder sets the ball in motion, and keeps 
it moving, until the force of the resisting air, and the force 
of gravity, bring it to rest. 

298. Power is the means by which the machine is moved, 
and the force gained. Thus we have horse-power, water- 
power, and the power of weights. 

299. Weight is the resistance, or the thing to be moved by 
the force of the power. Thus the stone is the weight to 
be moved by the force of the lever or bar. 

300. Fulcrum, or prop, is the point on which a thing is sup- 
ported, and about which it has more or less motion. In 
raising a stone, the thing on which the lever rests, is the 
fulcrum. 



297. What is meant by force in mecbanics ) 298. What is meant by power 1 299. 
What is understood by weight 1 300. What is the fulcrum ? 801. Are the mechan- 
leal powers numerous, or only few in number 1 
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801. In mechanics, there are a few simple machineB called 
the mechanical powers^ and however mixed, or complex, a com- 
bination of machinery may be, it consists only of Uiese few in- 
dividual powers. 

We shall not here burden the memory of the pupil with the 
names of these powers, of the nature of which he is at present 
supposed to know nothing, but shall explain the action and use 
of each in its turn, and then sum up the whole for his accom- 
modation. 



THE LEVER. 



302. Any rod, or bar, which is used in raising a weight, or 
surmounting a resistance, by being placed <m a fulcrum^ orprop^ 
becomes a lever. Levers are simple and compound, 

303. Simple levers are of three kinds, namely : firsts where 
the fulcrum is between the power and the weight; second, 
where the weight is between the fulcrum and the power ; third, 
where the power is between the fulcrum and the weight 

304. First Kind, — The first kind is represented by Mg. 48, 
being a straight 

rod of iron, called ^®- ^ 

a crowbar, in com- 
mon use for rais- 
ing rocks and oth- 
er heavy bodies. 
The stone, B, is 
the weight, A the 
lever, and C the 
fulcrum ; the power being the hand of a man applied at A. 

It will be observed, that by this arrangement the application 
of a small power may be used to overcome a great resistance. 

305. The force to be obtained by the lever, depends on its 
length, together with the power applied, and the distance of the^ 
weight and power from the fulcrum. 

306. Suppose, Fig, 49, that A is the lever, B the fulcrum, D 
the weight to be raised, and C the power. Let D be considered 
three times as heavy as C, and the fulcrum three times as &r 
from C as it is from D ; then the weight and power will ex- 
actly balance each other. Thus, if the bar be four feet long. 




Simple Lever. 



302. What is a lever 7 303. What are the three kinds of simple levers 7 304. What 
is the simplest of all mechanical powers 7 Explain Fig. 48. Which is the weight? 
Where is the fulcrum ? Where is the power applied 1 What is the power in ttds 
case ? 305. On what does the force to be obtained by the lever depend ? 306. &ip- 
pose a lever four feet long, and the fulcrum one foot from the end, what number of 
pounds will balance each other at the ends 1 
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Lner—Uruquai Arms, 

and the fulcrum three feet from the end, then three pounds on 
the long arm will weigh just as much as nine pounds on the 
short arm, and these proportions will be found the same in all 
cases. 

307. When two weights balance each other, the fulcrum is 
always at the center of gravity between them, and therefore, 
to make a small weight raise a large one, the fulcrum must be 
placed as near as possible to the large one, since the greater tho 
distance yrom the fulcrum tJie small weight or power is placed, 
the greater will be its force. 

FIG. 50. 




^ 



; 



Lner— Double Weighta. 

808. Suppose the weight B, Fig, 50, to be sixteen pounds, 
and suppose the fulcrum to be placed so near it, as to be raised 
by the power A, of four pounds hanging equally distant from 
the fulcrum and the end of the lever. If now the power A be 
removed, and another of two pounds, C, be placed at the end 
of the lever, its force will be just equal to A, placed at the 
middle of the lever. 

809. But let the fulcrum be moved along to the middle of 
the lever, with the weight of sixteen pounds still suspended to 
it, it would then take another weight of sixteen pounds, instead 
of two pounds, to balance it. Fig, 51. i 

307. When weights balance each other, at what point between them must the ful> 
eminbe 1 3J8. Suppose a weight of 16 pounds on the short arm of a lever is couu> 
terbalaiiced by 4 pounds in the middle of the long arm, what power would hai.n«. 
thte weigbt at the end of the lever 1 309. Suppose the fulcrum to be too* 
middle of the lever, what power would then be equal to 16 pounds'! 

4 
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Lever^Egual Arm§, 

Thus, the power which would balance sixteen pounds, irhen 
the fulcrum is in one place, must be exchanged for another power 
weighing eight times as much, when the fulcnun is in anotlier 
place. 

310. From these investigations, we may draw the followiog 
general truth, or proposition, concerning the lever : ^ Thai tk 
force of the lever increases in proportion to the distance of tki 
power from the fulcrum, and diminishes in proportion as the 
distance of the weight from the fulcrum increases.'" 

311. From this proposition, may be drawn the following role, 
by which the exact proportions between the weight or resist- 
ance, and the power, may be found. Multiply the weight by 
its distance from the fulcrum ; then multiply the power by iU 
distance from the same point , and if the products are equals th 
weight and tlie power will balance each other, 

312. Suppose a weight of 100 pounds on the short arm d 
a lever, 8 inches from the fulcrum, then another weight, or 
power, of 8 pounds, would be equal to this, at the distance 
of 100 inches from the fulcrum ; because 8 multiplied by 100 
is equal to 800 ; and 100 multiplied by 8 is equal to 800, and 
thus they would mutually counteract each other. 

313. Many instrumcnte 

in common use are on the fig. 52. 

pnnciple of this kind of 

lever. Scissors, Fig, 62, 

consist of two levers, the 

rivet being the fulcrum 

for both. The fingers are 

the power, and the cloth 

to be cut, the resistance to 

be overcome. ^r^^ Leten. 

Pincers, forceps, and 
sv gar-cutters, are examples of this kind of lever. 

310. What is the general proposition drawn from these results 1 311. What is the 
rule for finding the proportions between the weight and power 1 312. Gire an iUi» 
tration of this rule. 313. What instruments operate on the principle of this lerar 1 
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314. A common sccUe-heam, used for weighing, is a lever, 
suspended at the center of gravity, so that the two arms bal- 
ance each other. Hence the machine is called a balance. The 
fulcrum, or what is called the pivot, is sharpened, like a wedge, 
and made of hardened steel, so as much as possible to avoid 
friction. 

315. A dish is suspended by fig. 53. 
cords to each end or arm of the 
lever, for the purpose of hold- 
ing the articles to be weighed. 
"When the whole is suspended 
at the point a, Mg, 53, the 
beam or lever ought to remain 
in a horizontal position, one of 
its ends being exactly as high 

as the other. K the weights in the two dishes are equal, and 
the support exactly in the center, they will always hang as 
represented in the figure. 

316. A very slight variation of the point of support toward 
one end of the lever, will make a difference in the weights em- 
ployed to balance each other. In weighing a pound of sugar, 
with a scale-beam of eight inches long, if the point of support 
is half an inch too near the weight, the buyer would be cheated 
nearly one ounce, and consequently nearly one pound in every 
sixteen pounds. This fraud might instantly be detected by 
changing the places of the sugar and weight, for then the dif- 
ference would be quite material, since the sugar would then 
seem to want twice as much additional weight as it did really 
want. 

317. The steelyard ^- 
fers from the balance, in 
having its support near 
one end, instead of in the 
middle, and also in hav- 
ing the weights suspend- 
ed by hooks, instead of 
being placed in a dish. 

If we suppose the beam to be 7 inches long, and the hook, 
C, Fig. 54, to be one inch from the end, then the pound weight, 
A, will require an additional pound at B, for every inch it is 

314. In the common acale-beam, where is the fulcrum 1 315. In what position 
oufht the acaie-beam to hanffi 316. How may a fraudulent scale-beam be made? 
How majtlM cheat be detected 1 317. How does the steelyard differ Irom the 
halaiieet 
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76 LEVER. 

moved from it This, however, supposes that the bar ynSL bal- 
ance itself^ before any weights are attached to it 

no. 66. 




318. Second Kind. — ^The second kind of lever is represented 
by Fig, 65, where W is the weight, L the lever, F the fhlcrum, 
and P a pulley, over which a string is thrown, and a weight 
suspended, as the power. In the common use of a lever of the 
first kind, the force is gained by bearing down the long arm, 
which is called prying. In the second kind, the force is gained 
by carrying the long arm in a contrary direction, or upward, 
and this is called lifting, 

319. Levers of the second kind are not so common as the 
first, but are frequently used for certain purposes. The oars of 
a boat are examples of the second kind. The water against 
which the blade of the oar pushes, is the fulcrum, the boat is 
the weight to be moved, and the hands of the man, the power. 

320. Two men carrying a load between them on a pole, is 
also an example of this kind of lever. Each man acts as the 
power in moving the weight, and at the same time each be- 
comes the fulcrum in respect to the other. 

If the weight happens to slide on the pole, the man toward 
whom it goes has to bear more of it in proportion as its dis- 
tance from him is less than before. 

321. A load at A, Fig, 66, is borne equally by the two men, 
being equally distant from each other ; but at B, three quarters 
of its weight would be on the man at that end, because three 
quarters of the length of the lever would be on the side of the 
other man. 



318. lo the first kind of lever, where is the fulcrum, in respect to the weight ind 
power 1 In the second kind, where is the fulcrum, in respect to the weicht and 
power 1 What is the action of the first kind called 7 What is the action of UM see* 
ond kind called 1 319. Give examples of the second kind of lever. 320. In rowhif a 
boat, what is the fulcrum, what the weight, and what the power ? 82L WlMt otiMT 
"lustrations of this principle are given 1 
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Lever qf the Third Kind. 



822. Third Kind. — ^In the third and last kmd of lever, the 
weight is placed at one end, the fulcrum at the other end, and 
the power between them, or the hand, is between the fulcrum 
and the weight. 

This is represented by Fig. 57, where C is the fulcrum, A 
the power, suspended over the pulley B, and D is the weight 
to be raised. 

323. This kind of lever works to great disadvantage, since 
the power must be greater than the weight. It is uierefore 
seldom used, except m cases where velocity and not force is 
required. In raising a ladder from the ground to the roof of 
a house, men are obliged sometimes to make use of this princi* 
pie, and the great difBculty of doing so, illustrates the mechan- 
ical disadvantage of this kind of lever. 

AVe have now described the three kinds of levers, and, we 
hope, have made the manner in which each kind acts plain, by 
illustrations. But to make the difference between them still 
more obvious, and to avoid all confusion, we will here compare . 
them tc^ther. i 

aas. Ib the third kind of lerer where are the reepecti^e places of the weight, 
power, and fiileram 1 323. What la the diaadrantage of thia kind of lever 1 Give an 
eniDpla of the nae of the third kind of lever 1 



CHAPTER IV. 

MECHANICS. 

292. Mechanics is a science which investigates the iaws and 
effects of force and motion, 

293. The practical object of this science is, to teach the best 
modes of overcoming resistances by means of mechanical powers, 
and to apply motion to useful purposes, by means of machinery. 

294. A machine is any instrument by which power, motion, 
or velodty, is applied or regulated. 

295. A machine may be very simple, or exceedingly cam- 
ples. Thus, a pin is a machine for fastening clothes, and a 
steam-engine is a machine for propelling milk and boats. 

As machines are constructed for a vast variety of purposes, 
their forms, powers, and kinds of movement^ must depend on 
their intended uses. 

Several considerations ought to precede the actual construc- 
tion of a new or untried machine ; for if it does not answer the 
purpose intended, it is commonly a total loss to the builder. 

Many a man, on attempting to apply an old principle to a 
new purpose, or to invent a new machine for an old purpose, 
has been sorely disappointed, having found, when too late, that 
his time and money had been thrown away, for want of proper 
reflection, or requisite knowledge. 

If a man, for instance, thinks of constructing a machine for 
raising a ship, he ought to take into consideration the inertia or 
weighty to be moved — ^the force to be appUed — the strength of 
the materials, and the space or situation he has to work in. 
For, if the force applied, or the strength of the materials be in- 
sufficient, his machine is obviously useless ; and if the force and 
strength be ample, but the space be wanting, the same result 
must follow. 

If he intends his machine for twisting the fibers of flexible 
substances into threads, he may find no difficulty in respect to 
power, strength of materials, or space to work in, but if the 

292. What is mechanics 1 293. What is the object of this science 1 294. What if 
a machine 1 296. Mention one of the most simple, and one of the most complex vX 
machines. 
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velocity, direction, and kind of motion he obtains, be not appli- 
cable to the work intended, he still loses his labor. 

Thousands of machines have been constructed, which, so far 
as regarded the skill of the workmen, the ingenuity of the con- 
triver, and the construction of the individual parts, were models 
of art and beauty ; and, so far as could be seen without trial, 
admirably adapted to the intended purpose. But on putting 
them to actual use, it has too often been found, that their only 
imperfection consisted in a stubborn refusal to do any part of 
the work intended. 

Now, a thorough knowledge of the laws of motion, and the 
principles of mechanics, would, in many instances, at least, have 
prevented all this loss of labor and money, and spared him so 
much vexation and chagrin, by showing the projector that his 
machine would not answer the intended purpose. 

The importance of this kind of knowledge is therefore ob- 
vious, and it is hoped will become more so as we proceed, 

DEFINmONS. 

296. In mechanics, as well as in other sciences, there are 
words which must be explained, either because they are com- 
mon words used in a pecuhar sense, or because they are terms 
of art, not in common use. All technical terms will be as much 
as possible avoided, but still there are a few, which it is neces- 
sary here to explain. 

297. Force is the means by which bodies are set in motion, 
kept in motion, and when moving, are brought to rest. 
The force of gunpowder sets the ball in motion, and keeps 
it moving, until the force of the resisting air, and the force 
of gravity, bring it to rest. 

298. Power is the means by which the machine is moved, 
and the force gained. Thus we have horse-power, water- 
power, and the power of weights. 

299. Weight is the resistance, or the thing to be moved by 
the force of the power. Thus the stone is the weight to 
be moved by the force of the lever or bar. 

800. Fulcrum, or prop, is the point on which a thing is sup- 
ported, and about which it has more or less motion. In 
raising a stone, the thing on which the lever rests, is the 
fulcrum. 



297. What is meant by force in mechanics 1 293. What is meant by power 1 299. 
What is understood by weight 1 300. What is the fulcrum ? 301. Are the mechan- 
IcaI powers numerous, or only few in number 1 
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801. In mechanics, there are a few simple machines called 
the mechanical powers^ and however mixed, or complex, a com- 
bination of machinery may be, it consists only of these few in- 
dividual powers. 

We shall not here burden the memory of the pupil with the 
names of these powers, of the nature of which he is at present 
supposed to know nothing, but shall explain the action and use 
of each in its tmn, and then sum Tip the whole for his accom- 
modation. 



THE LEVER. 



no. 4a 



302. Any rod, or bar, which is used in raising a weight, w 
surmounting a resistance, by being placed on a fulcrum, or prop, 
becomes a lever. Levers are simple and compound. 

303. Simple levers are of three kinds, namely : first, where 
the fulcrum is between the power and the weight; second, 
where the weight is between the fulcrum and the power ; third, 
where the power is between the fulcrum and the weight. 

304. First Kind. — ^The first kind is represented by Fig. 48, 
being a straight 
rod of iron, called 
a crowbar, in com- 
mon use for rais- 
ing rocks and oth- 
er heavy bodies. 
The stone, B, is 
the weight, A the 
lever, and C the 
fulcrum ; the power being the hand of a man apphed at A. 

It will be observed, that by this arrangement the application 
of a small power may be used to overcome a great resistance. 

305. The force to be obtained by the lever, depends on its 
length, together with the power applied, and the distance of the^ 
weight and power from the fulcrum. 

306. Suppose, Fig, 49, that A is the lever, B the fulcrum, D 
the weight to be raised, and C the power. Let D be considered 
three times as heavy as C, and the fulcrum three times as £ar 
from C as it is from D ; then the weight and power will ex- 
actly balance each other. Thus, if the bar be four feet long. 




Simple Lever. 



302. What is a lever 1 303. What are the three kinds of simple levers ? 304. What 
Ss the simplest of all mechanical powers 1 Explain Fig. 48. Which is the weight? 
Where is the fulcrum 1 Where is the power applied 1 What is the power in this 
case ? 305. On what does the force to oe obtained by the lever depend ? 306. Sap- 
pose a lever four feet long, and the fulcrum one foot from the end, what number of 
pounds will balance each other at the ends 1 
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Lever— Unequal Arm§, 

and the fulcrum three feet from the end, then three pounds on 
the long arm will weigh just as much as nine pounds on the 
short arm, and these proportions will be found the same in all 
cases. 

307. When two weights balance each other, the fulcrum is 
always at the center of gravity between them, and therefore, 
to make a small weight raise a large one, the fulcrum must be 
placed as near as possible to the large one, since the greater tho 
distance ^rom the fulcrum the small weight or power is placed, 
the greater will be its force. 

FIG. 50. 




^ 
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Lever^DouNe WetghU. 

308. Suppose the weight B, Fig. 50, to be sixteen pounds, 
and suppose the fulcrum to be placed so near it, as to be raised 
by the power A, of four pounds hanging equally distant from 
the fulcrum and the end of the lever. If now the power A be 
removed, and another of two pounds, C, be placed at the end 
of the lever, its force will be just equal to A, placed at the 
middle of the lever. 

309. But let the fulcrum be moved along to the middle of 
the lever, with the weight of sixteen pounds still suspended to 
it, it would then take another weight of sixteen pounds, instead 
of two pounds, to balance it, Fip, 51. | 

307. When wejffhts balance each other, at what point between them must the ful- 
enun be 1 3J6. wippose a weight of 16 pounds on the short arm of a lever is couu> 
terbaknecd by 4 ponnda in the middle of the long arm, what power would balance 
thte weight at the end of the lerer 1 309. Suppose the fulcrum to be moved to the 
middle of the lerer, what power would then be equal to 16 pounds 1 

4 
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Le7>er— Equal Arm§, 

Thus, the power which would balance sixteen pounds, when 
the fulcrum is in one place, must be exchanged for anolJier power 
weighing eight times as much, when the fulcrum is in another 
place. 

310. From these investigations, we may draw the foUowing 
general truth, or proposition, concerning the lever : " Thai tie 
force of the lever increases in proportion to the distance i>f thi 
power from the fulcrum, and diminishes in proportion as the 
distance of the weight from the fulcrum increases." 

811. From this proposition, may be drawn the following mfe, 
by which the exact proportions between the weight or resist- 
ance, and the power, may be found. Multiply the weight hf 
its distance from the fulcrum ; then multiply the power by iU 
distance from the same point, and if the products are equal, tke 
weight and the power will balance each other. 

312. Suppose a weight of 100 pounds on the short arm of 
a lever, 8 inches from the fulcrum, then another weight, or 
power, of 8 pounds, would be equal to this, at the distance 
of 100 inches from the fulcrum; because 8 multiplied by 100 
is equal to 800 ; and 100 multiplied by 8 is equal to 800, and 
thus they would mutually counteract each other. 

313. Many instruments 

in common use are on the no. 62. 

principle of this kind of 

lever. Scissors, Fig. 52, 

consist of two levers, the 

rivet being the fulcrum 

for both. The fingers are 

the power, and the cloth 

to be cut, the resistance to 

be overcome. ^Puw Levera. 

Pinters, forceps, and 
sv gar-cutters, are examples of this kind of lever. 

310. What is the general proposition drawn from these resultel 311. What ittiM 
rule for finding the proportions between the weight and power 1 312. Ghre an ittH* 
tration of this rule. 313. What instruments operate on the principle of this levsr t 
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314. A common scate-beam, used for weighing, is a lever, 
suspended at the center of gravity, so that the two arms bal- 
ance each other. Hence the machine is called a balance. The 
fulcrum, or what is called the pivoty is sharpened, like a wedge, 
and made of hardened steel, so as much as possible to avoid 
friction. 

315. A dish is suspended by fig.63. 
cords to each end or arm of the 
lever, for the purpose of hold- 
ing tiie articles to be weighed. 
When the whole is suspended 
at the point a, Mff, 53, the 
beam or lever ought to remain 
in a horizontal position, one of 
its ends being exactly as high 

as the other. If the weights in the two dishes are equal, and 
the support exactly in the center, they will always hang as 
represented in the figure. 

316. A very slight variation of the point of support toward 
one end of the lever, will make a difference in the weights em- 
ployed to balance each other. In weighing a pound of sugar, 
with a scale-beam of eight inches long, if the point of support 
is half an inch too near the weight, the buyer would be cheated 
nearly one ounce, and consequently nearly one pound in every 
sixteen pounds. This fraud might instantly be detected by 
dianging the places of the sugar and weight, for then the dif- 
ference would be quite material, since the sugar would then 
seem to want twice as much additional weight as it did really 
want. 

317. The steelyard 6j{' 
fers from the balance, in 
having its support near 
one end, instead of in the 
middle, and also in hav- 
ing the weights suspend- 
ed by hooks, instead of 
being placed in a dish. 

If we suppose the beam to be 7 inches long, and the hook, 
C, Fig, 54, to be one inch from the end, then the pound weight, 
A, will require an additional pound at B, for every inch it is 
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314. In tb« common scale-beam, where is the fulcrum 1 315. In what position 
ought Um scale-beam to banf 1 316. How may a fraudulent scale-beam be made? 
How mmr tb» cbtat Im detected 1 317. How does the steelyard differ from the 
telaoeel 
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moved from it This, however, supposes that the bar wiU bal- 
ance itself^ before any weights are attadied to it 

FIG. 66. 




318. Second Kind, — ^The second kind of lever is represented 
by Fig. 65, where W is the weight, L the lever, F the fhlcrum, 
and P a pulley, over which a string is thrown, and a weight 
suspended, as the power. In the common use of a lever of the 
first kind, the force is gained by bearing down the long arm, 
which is called prying. In the second kind, the force is gained 
by carrying the long arm in a contrary direction, or upward, 
and this is called lifting, 

819. Levers of the second kind are not so common as the 
first, but are frequently used for certain purposes. The oars of 
a boat are examples of the second kind. The water against 
which the blade of the oar pushes, is the fulcrum, the boat is 
the weight to be moved, and the hands of the man, the power. 

320. Two men carrying a load between them on a pole, is 
also an example of this kind of lever. Each man acts as the 
power in moving the weight, and at the same time each be- 
comes the fulcrum in respect to the other. 

If the weight happens to slide on the pole, the man toward 
whom it goes has to bear more of it in proportion as its ^ 
tance from him is less than before. 

321. A load at A, Fig, 66, is borne equally by the two men, 
being equally distant from each other; but at B, three quarters 
of its weight would be on the man at that end, because three 
quarters of the length of the lever would be on the side of the 
other man. 



318. In the first kind of lever, where is the fulcrum, in respect, to the weight and 
power ? In the second kind, where is the fulcrum, in respect to the weiftht and 
power 1 What is the action of the first kind called 1 What Is the action oT the sec- 
ond kind called 1 319. Give examples of the second kind of lever. 320. In rowteffa 
boat, what is the fulcrum, what the weight, and what the power Y SSL What other 
illustrations of this principle are given 1 
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Leter qf the Third Kind, 



822. Third Kind, — ^In the third and last kind of lever, the 
weight is placed at one end, the fulcrum at the other end, and 
the power between them, or the hand, is between the fulcrum 
and the weight 

This IB represented by Fig, 57, where C is the fulcrum, A 
the power, suspended over the pulley B, and D is the weight 
to be raised. 

323. This kind of lever works to great disadvantage, since 
tbe power must be greater than the weight. It is therefore 
seldom used, except in cases where velocity and not force is 
required. In raising a ladder from the ground to the roof of 
a house, men are obliged sometimes to make use of this princi- 
ple, and the great difficulty of doing so, illustrates the mechan- 
ical disadvantage of this kind of lever. 

We have now described the three kinds of levers, and, we 
hope, have made the manner in which each kind acts plain, by 
illustrations. But to make the difference between them still 
more obvious, and to avoid all confusion, we will here compare . 
them together, i^ 

aS2. In Ui« third kind of lever where are the respective places of the weight, 
power, and ftikram 1 323. What ia the disadTantaf e of this kind of lever ? Give an 
ezampla of the use of the third kind of lever 1 
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824. In Fig. 58, the weight and hand both act downward. 
In 59, the weight and hand act in contrary directions, the hand 
upward and the weight downward, the weight being between 
them. In 60, the hand and weight also act in contrary direc- 
tions, but the hand is between the fulcrum and the weight. 

325. Compound Lever. — When several simple levers are 
connected together, and act one upon the other, the machine is 



324. In what direction do the hand and weight act. in the first kind of lever Y In 
what d'nrection do they act in the second kind 1 In what direction do they act in the 
third kind 1 2S&. What is a compound lever 7 
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ialled a compound lever. In this machine, as each lever acts as 
la individual, and with a force equal to the action of the next 
ever upon it, the force is increased or diminished, and becomes 
greater or less, in proportion to the number or kind of levers 
mployed. 

"We will illustrate this kind of lever by a single example, but 
nust refer the inquisitive student to more extended works for a 
oil investigation of the subject 

FIG. 61. 

5 aiD 
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CSofftpountf Lever. 

Fig. 61 represents a compound lever, consisting of three sim- 
ple levers of the first kind. 

326. In calculating the force of this lever, the rule applies 
which has already been given for the simple lever, namely : 
The length of the long arm is to be multiplied by the moving 
power^ and that of the short one, by the weighty or resistance, 

327. Let us suppose, then, tliat the three levers in the figure 
are of the same length, the long arms being six inches, and the 
short ones two inches long ; required, the weight which a mov- 
ing power of 1 pound at A will balance at B. In the first place, 
1 pound at A, would balance 3 pounds at E, for the lever being 
6 inches, and the power 1 pound, 6x1=6, and the short one 
being 2 inches, 2x3=6. The long arm of the second lever 
being also 6 inches, and moved with a power of 3 pounds, mul- 
tiply the 3 by 6=18; and multiply the length of the short 
arm, being 2 inches, by 9=18. These two products being 
equal, the power upon the long arm of the third lever, at D, 
would be 9 pounds. 9 pounds x 6=54, and 27 X 2, is 64 ; so 
that 1 pound at A would balance 27 at 13. 

The increase of force is thus slow, because the proportion be- 
tween the long and short arms is only as 2 to 6, or in the pro- 
portions of 1, 3, 9. 



326. By what rule is the force of the compound lever calculated t 327. How many 
ponnds weight wUI be raised by three levers connected, of six inches each, with the 
nilcrum two inches from the end, by a power of one pound 1 
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328. Now suppose the long arms of these levers to be 18 
inches, and the short ones 1 inch, and the result will be sur- 
prisingly different, for then 1 pound at A would balance 18 
pounds at E, and the second lever would have a power of 
18 pounds. This being multiplied by the length of the lever, 
18x18=324 pounds at D. The third lever would thus be 
moved by a power of 324 pounds, which, multiplied by 18 
inches for the weight it would raise, would give 5832 pounds. 

329. The compound lever is employed in the construction of 
weighing machines, and particularly in cases where great weights 
are to be determined, in situations where other machines would 
be inconvenient, on account of their occupying too much space. 

330. Knee Lever. — A compound instrument^ called the 
ITnee Lever, is used in various kinds of machinery, the principle 
of which is explained by Fig. 62. 

This combination consists of 
a metal rod, A B, having a ^^* ^ 

joint at A, above which there 
is a firm support. At C is an- 
other rod, or bar, jointed to the 
long lever, and terminating at 
G, where there is another joint, 
attached to a movable plat- 
form, on which the force of the 
two levers are exerted. 

Now when B is pushed to- 
ward the vertical position, the 
force on the joints A and G, is 
constantly increased, until the 
two bars become perpendicular, 
when the pressure exerted, is 
augmented to nearly an indefi- 
nite degree. 

331. Various engines for pressing paper, and for piintiiig, are 
constructed on this principle, and it is said they are unequaled 
in power, except by the Hydrostatic press. 




Knee Lever, 
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332. The mechanical power, next to the lever in arrange- 



328. If the long arms of the levers be eighteen inches, and the short ones one inch, 
how much will a power of one pound balance 1 329. In what machines is the com- 
pound lever employed 1 330. Explain the principle of the Knee Lever, Fig G2L 331 
What machines are on this principle? 
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ment, is the wheel and ojtU, It is, however, much i 
plex than the lever. 

333. It consists of two wheels, no. ss. 
one of which is Jargei- than the 
other, but the small one passes 
through the larger, and hence both 
have a common center, on which 
they torn. 

334. The manner in which this 
machine acta will be noderslood by 
Fitf. 63. The large wheel, A, on 
turning the machine, will take itp, 
or throw 08; as much more ropo 
than the small wheel or axle, B, as 
its circumference is greater. If we suppose the circumference 
of the large wheel to be four times that of the small one, then 
it will take up the rope four times as fast. And becanso A is 
four times as large as B, 1 pound at I) will balance 4 pounds 
at C, on the opposite side. 

335. The principle of this machine is ^'^- "■ 
that of the lever, as will ho apparent 
by an examination of Fig. 64. 

336. This figure represents the ma- 
chine endwise, so as to show in what 
manner the lever operates. The two 
weights hanging in opposition to each 
other, the one on tlie wheel at A, and 
the other on the axle at B, act in the 
same manner hb if they were connected 
by the horizontal lever A B, passing from 
one to the other, hating tiie common wnm md Atk 
center, C, as a fulcrum between them. 

337. The wheel and axle, tliereforc, acts like a constant suc- 
cewion of levers, the long arm being half the diameter of the 
wheel, and the short one half the diameter of the axle, the 
common center of both being the fulcrum/ The wheel and axle 
has, therefore, been called t\iii perpetual lever. 4~ 

338. The great advantage of this mechanical arrangement is, 
that while a single lever 01 the same power can raise a weight 
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but a few inches at & time, and then only in a certain diredioii, 
this machine exerts a continuid force, and in any directioD 
wanted. To change the direction, it u only necoacary that the 
rope by which the weight is to be raised, should be carried b ■ 
line perpendicular to the axis of the machine, to the place beloir 
where the weight lies, and there be let Ml over a polley. 

839. Suppose the wheel 
and axle, Mg. 65, is erect- no. ss, 

ed in the third story of a 
store-house, with the axle 
over the scuUles, or doors 
through the floors, so that 
goods can be raised by it 
from the ground-floor, in 
the direction of the weight 
A. Suppose, also, that the 
same store stands on a 
whar^ where ships come 
np to its side, and goods 
are to be removed from the 
vessels into the upper sto- 
ries. Instead of removing 
the goods into the store, and hoisting them 




jUodiAed Wteri 



the direction ot 
A, it is only necessary to carry the rope B, over the pulley C, 
which is at the end of a strong beam projecting ont irom the 
side of the store, and then the goods will be r»sed in the direc- 
tion of B, thus saving the labor of moving them twice. 

The wheel and axle, under difierent forms, is applied to a 
variety of common purposes. 

340. The capstan, in universal 
use, on board of ships, is an axle 
placed upright, with a head, or 
drum. A, tiff. 66, pierced with 
holes for the levers B, C, D. The 
weight is drawn by the rope, B, 
passing two or three times round 
the axTe to prevent its slipping. 

341. This is a very powerful 
and convenient machine. When 
not in use, the levers are taken out 
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of their places and laid aside, and when great force is reqaired, 
two or three men can push at each lever. 

842. Windlass. — ^The 
common windlass for ^®- ^• 

drawin<^ water is another 
modification of the wheel 
and axle. The winchy 
or crank, by which it is c= 
turned, is moved around 
by the hand, and there 
is no difference in the 
principle, whether a 
whole wheel is turned, 
or a single spoke. The 
winch, therefore, an- 
swers to the wheel, while the rope is taken up, and the weight 
raised by the axle, as already described. 

In cases where great weights are to be raised, and it is 
required that the machine should be as small as possible, on 
account of room, the simple wheel and axle, modified as repre- 
sented by Fig. 67, is sometimes used. 

343. The axle may be considered in two parts, one of which 
is larger than the other. The rope is attached by its two ends, 
to the ends of the axle, as seen in the figure. The weight to 
be raised is attached to a small pulley, around which the rope 
passes. The elevation of the weight may be thus described. 
Upon turning the axle, the rope is coiled around the larger part, 
and, at the same time, it is thrown off the smaller part. At 
every revolution, therefore, a portion of the rope will be drawn 
up, equal to the circumference of the thicker part, and at the 
same time a portion, equal to that of the thinner part, will be 
let down. On the whole, then, one revolution of the machine 
will shorten the rope where the weight is suspended, just as 
much as the difference is between the circumference of the two 
parts. 

844. Illustration. — Now to understand the principle on which 
this machine acts, we must refer to Mg. 68, where it is obvious 
that the two parts of the rope, A and B, equally support the 
weight D, and that the rope, as the machine turns, passes from 
the small part of the axle E to the large part H, consequently. 



812. In th« common windlan, what part answers to the wheel 1 Explain Fig. 67. 
813. WhT Is the rope vhortoned, and the weight raised 1 344. What is the design of 
Fig. 08 % DoM the weight rise perpendicular to the axis of motion ? 
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of this lever will act upon the long arm of the next lever by 
means of the teeth on the circumference of the wheel B, and this 
again through the teeth on the axle of B, will transmit its force 
to the circumference of the wheel D, and so by the short arm 
of the third lever to the weight W. As the power or small 
weight falls, therefore, the resistance W, is raised, with the mul- 
tiplied force of three levers acting on each other. 

352. In respect to the force to be gained by such a machinCi 
suppose the number of teeth on the axle of the wheel A to be 
six times less than the number of those on the circumference of 
the wheel B, then B would only turn round once, while A turns 
six times. And, in like manner, if the number of teeth on the 
circumference of D, be six times greater than those on the axle 
of B, then D would turn once, while B is turned six times. Thus 
six revolutions of A would make B revolve once, and six levolur 
tions of B would make D revolve once. Therefore, A makes 
thirty-six revolutions while D makes only one. 

363. The diameter of the wheel A, being three times the 
diameter of the axle of the wheel D, and its velocity of motion 
being 36 to 1, 3 times 36 will give tlie weight which a power 
of 1 pound at P would raise at W. Thus 36 x 3 = 108. One 
pound at P would therefore balance 108 pounds at W, 

364. No Machine Creates Force, — If the student has 
attended closely to what has been said on mechanics, he will 
now be prepared to understand, that no machine, however 
simple or complex, can create the least degree of force. It is 
true, that one man with a machine may apply a force which a 
hundred could not exert with their hands, but then it would 
take him a hundred times as long. 

366. Suppose there are 20 blocks of stone to be moved a 
hundred feet ; perhaps twenty men, by taking each a block, 
would move them all in a minute. One man, with a capstan, 
we will suppose, may move them all at once, but this man, with 
his lever, would have to make one revolution for every foot he 
drew the whole load toward him, and therefore to make one 
hundred revolutions to perform the whole work. It will also 
take him twenty times as long to do it, as it took the twenty 
men. His task, indeed, would be more than twenty times 
harder than that performed by the twenty men, for, in addition 
to movirfg the stone, he would have the friction of the machinery 

353. What weight will one pound at P balance at W7 354. Ts there way actual 
power frained b;^ the use of machinery 1 355. Suppose twenty men to moTe twenty 
atones to a certain distance with their hands, and one man moves them baek to tM 
*«me place with a capstan, which performs the most actual labor 1 Why 1 
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tc> overcome, which commonly amounts to nearly one third of 
the force employed. 

356. Hence there would be an actual loss of power by the 
use of the capstan, though it might be a convenience fur the 
one man to do his work by its means, rather than to call in 
nineteen of his neighbors to assist him. 

357. Any power by which a machine is moved, must be 
equal to the resistance to be overcome, and, in all cases where 
the power descends, there will be a proportion between the 
velocity with which it moves downward, and the velocity with 
which the weight moves upward. 

358. There will be no difference in this respect, whether the 
machine be simple or compound, for if its force be increased by 
increasing the number of levers, or wheels, tlie velocity of the 
moving power must also be increased, as that of the resistance 
is diminished. 

359. There being, then, always a proportion between the 
velocity with which the moving force descends, and that with 
which the weight ascends, whatever this proportion may be, it 
is necessary that the power should have to the resistance the 
same ratio that the velocity of the resistance has to the velocity 
of the power. In other words, " The power multiplied by the 
space through which it moves, in a vertical direction, must he 
equal to the weight multiplied hy the space through which it 
moves in a vertical direction,''* 

This law is known under fig. n. 



the name of "the law of 
virtual velocities," and is con- 
sidered the golden rule of 
mechanics. 

360. This principle has al- 
ready been explained, while 
treating of the lever, (312 ;) 
but that the student should 
want nothing to assist him in 
clearly comprehending so im- 
portant a law, we will again 

illustrate it in a different , Weigfu and Space. 

manner. 






356. Why, then, is machinery a convenience? aW In the use of the lever, what 
proportion is there between the force of the short arm, and the velocity of the long 
arm 1 Is it said, tiiai iho velocity of the power downward^ must be in proportion to 
that of the weixht upwardi 358. Doei* it make any difference, in this respect, 
whether the machine be simple or compound 1 359. What is the golden rule of me- 
chanics 1 Explain Fig. 71, and show how the rule is illustrated by it. 
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Suppose the lever, Fig. 71, to be thirty inches long from the 
fulcrum to the point where the power, P, is suspended, and 
that the weight W, is two inches from the frilcmm. If the 
power be 1 pound, the weight must be 15 pounds, to produce 
equilibrium, and the power, P, must fall thirty inches to raise 
the weight, W, two inches. Therefore, the power being 1 
pound, and the space 30 inches, 30 x 1 =80. The weight being 
J 5 pounds, and the space 2 inches, 15 X 2 =30. 

Thus, the power multiplied by the space through which it 
falls, and the weight multiplied by the space through which 
it rises, are equal. 

361. However complex the machine may be, by which the 
force of a descending power is transmitted to the weight to be 
raised, the same rule will apply as it does to the action of the 
simple lev er, f 

THE PULLET. 

362. A pulley consists of a wheel which is grooved on the 
edge, and which is made to turn on its axis, by a cord passing 
over it, 

363. Simple Pulley,— Fig,l2,Te^Te' ^ FIG. 72. 
sents a simple pulley, with a single fixed 
wheel. In other forms of the machine, 
the wheel moves up and down with the 
weight. 

364. The pulley is arranged among 
the simple mechanical powers ; but when 
several are connected, the machine is 
called a system of pulleys, or a com- 
pound pulley. 

365. One of the most ob\dous advan- simple PuOey, 
tages, of the pulley is, its enabling men 

to exert their own power in places where they can not go them- 
selves. Thus, by means of a rope and wheel, a man can stand 
on the deck of a ship, and hoist a weight to the topmast. 

366. By means of two fixed pulleys, a weight may be raised 
upward, while the power moves in a horizontal direction. The 
weight will also rise vertically through the same space that the 
rope is drawn horizontally. 

361. What is said of the application of this rale to complex machines 1 362. What 
is a pulley 1 363. What is a simple pulley 1 364. What is a system of pulleys, or a 
compound pulley 1 365. What is the most obvious advantage of the pulley ? 366. 
How must two fixed pulleys be placed to raise a weight vertically as ftr m Ae 
power goes horizontally 1 
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huekels, upon which the water acta ; firet, to give motdon to fbl 
wheel, and then to machioery. Such wheels are of three Und^ 
namely: the overshot, underskol, and hreatt wheels. 

504. Overshot Wheel. — This wheel of all othen, gives tht 

eat«Bt power with the least quantity of water, and is, then- 
i, generally used when circumstances will permit, or when 
there is a conaderable fiiil, with a limited quantity of 

505. Theovershotwheel, 
Fig. 114, requires a &U no. U4. 
equal at least to its own 
diameter, and it is custom- 
aiy to give it a greater 
length loan other wheels, 
that the cells or buckets 
may contiun a large quan- 
tity of water, for it la chiefly 
by the weight, and not the 
momentum of the fluid that 
this wheel is turned. 

506. In its construction, 
the drum, or circumference 
is made water-tight, and to 
this are fixed narrow 
troughs or buckets, formed 
of iron, or boards, running the whole length of the drani. Iht 
water is conducted by a trough nearly level, and sometjmes a 
width equal to the length of the wheel. It falls into the bucb«t 
on the top of the wheel, and hence the name overshot. 

507. The buckets are so constructed as to retain tbe wata 
untJI the wheel has made about one-third of a revolution boa 
the place of admission, when it escapes as from an inverted *» 
sel, and the wheel ascends with empty buckets, wliile on ^ 
opposite side they are filled with water, and thus thu revolotiai 
is perpetuated. This whole machine and its action are so plan 
and obvious as to require no particular retferenca. 

508. From the experiments of Mr. Smeaton, it appears, thai 
the fall and quantity of water, and the diameter of the whed 
being the same, the overshot, will produce about double tbi 
effect of the undershot wheel. 

sot). Undershot Wheel — This is so called because the wata 










r with t 

pounds at W. Th« mechanical force, therefore, in respect to thi 
power, ia as two to one. 

In this example, it is supposed there ar% only two ropei,eaA 
of which b«ais an eqoal part of the weight 




370. Compound Pulley, — If the number of ropes be in- 
creased, the weight may be increased with the same power; or 
the power may be diminisliL-d in proportion as the number of 
ropes is increased. In J^t^. Ts, the number of ropes sustaining 
the weight is four, and therefore, tie weight may be four tim» 
as gtvai, as the power. This principle must be ovident, sinM it 
in plain that each rope sustains an equal part of the wei^t 
The weight roay, therefore, be considered as divided into fow 
parts, and each part sustained by one rope. 

power beiiHretiwd tlul Suppoae tha wekgbl, Fig. 7^ to H thUty-two poUBdl, 
wtau wiu ™tti tope ieti 1 
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871. In Fig. 76, there is a system of pulleys represented, in 
which the weight is sixteen times the power.' 

The tension of the rope, D E, is evidently equal to the power, 
P, because it sustains it. D, being a movable pulley, must sus- 
tain a weight equal to twice the power \ but the weight which 
it sustains, is the tension of the second rope, D C. Hence, the 
tension of the second rope is twice that of the first ; and, in 
like manner, the tension of the third rope is twice that of the 
second, and so on, the weight being equal to twice the tension 
of the last rope. 

372. Suppose the weight, W, to be sixteen pounds ; then the 
two ropes, 8 and 8, would sustain 8 pounds each, this being 
the whole weight divided equally between them. The next 
two ropes, 4 and 4, would evidently sustain but half this whole 
weight, because the other half is already sustained by a rope 
fixed at its upper end. The next two ropes sustain but half of 
4, for the same reason ; and the next pair, 1 and 1, for the 
same reason, will sustain only half of 2. Lastly, the power, P, 
will balance two pounds, because it sustains but half tliis weight, 
the other half being sustained by the same rope, fixed at its 
upper end. 

It is evident that, in this system, each rope and pulley which 
is added will double the effect of the whole. Thus, by adding 
another rope and pulley beyond 8, the weight, W, might be 32 
pounds, instead of 16, and still be balanced by the same power. 

373. In our calculations of the efiects of pulleys, we have 
allowed nothing for the weight of the pulleys themselves, or for 
the friction of the ropes. In practice, however, it will be found 
that nearly one-third must be allowed for friction, and that the 
power, therefore, to actually raise the weight must be about 
one- third greater than has been allowed. 

374. The puUey, like other machines, obeys the laws of 
virtual velocities, already applied to the lever and wheel. Thus, 
^in a system of pulleys, the ascent of the weight, or resistance, 
is as much less than the descent of the power as the weight is 
greater than the power?'* li, as in the last example, the weight 
is 1 6 pounds, and the power 1 pound, the weight will rise only 
\ foot, while the power descends 16 feet. 



371. Explain Fig. 76, and show what part of the weight each rope mistains. and 
why one pound at P, will balance sixteen pounds at Vf. 372. Explain th» reason 
wh^ each additional rope and pulley will double the effect of the whole, or why its 
weight may be double that of all the others with the same power. 2T3. In compound 
machines, how much of the power must be allowed for the friction 1 374. What 
feneral law applies to the pulley 1 
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^|p its place, ana thus stop the discharge. The weight of this 

:9alve, a nice point in the construction of the machine, must be 

i ^ist sufficient to make it rise by the force of the stream, and 

nnk again when the water ceases lb flow, thus rising and falling, 

md in effect causing the fluid to stop for an instant, and then 

^new its motion. 

616. Now water in motion acquires a momentum in propor- 
ti«>n to the length of the cohimn, and the height of the source, 
and when in action exerts a force equal to that of a solid body 
<^ the same length and gravity, pressing downward from the 
aame elevation. The inelasticity of the fluid gives it the prop- 
erty of acquiring motion through the whole length of a tube 
elevated at one extremity, whenever only a small portion is 
[■ Allowed to escape by its own pressure. Hence, when the valve 
[ ^pens by dropping down, all the water in the pipe, however 
y long it may be, instantly moves forward to supply the place of 
f that which has thus escaped ; and if the pipe is long and the 
[ fountain high, ordinary metallic conductors are burst asunder 
j by the shock whenever the stream is interrupted. It is on these 
I principles of the force of water, that the Hydraulic Ram is 
f «)unded ; for when the stream is stopped by the rising of the 
; Valve, as already explained, an outlet is provided by another 
Valve, M, opening upward into an air vessel, having a discharg- 
ing pipe, ar, and consequently when the spindle valve, t, is closed, 
this valve instantly opens, and the water is thrown with great 
Sorce into the air vessel, and through the discharging pipe to 
the place where it is wanted. The stream being thus inter- 
rupted, and the water becoming still under the lower valve, this 
instantly opens by falling down, thus allowing the fluid to dis- 
charge itself at r, when the motion again raises the valve, and 
it is stopped, the valve u being raised for its escape as before ; 
and thus this curious machine, if well constructed, will act with 
no other power or help, but a little stream of water, for weeks 
or months. 

^ 617. This engine affords the most efficient, cheap, and con- 
yenient means of raising water, for ornamental or farming pur- 
poses, ever invented. A spring on a hill near the house, or a 
running brook with an elevation of a few feet, is all the power 
required to supply an abundance of water for any private, or 
even public establishment. Mr. Mijlington, who erected many 



616. On what does the momentam of water in a tube depend 1 What is said of the 
jBotion of the water in the tube 1 517. What is said of the economy and convenience 
«f the water ram 1 To what heights will it throw water in proportion to the fall 1 
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avoided, except that of a pivot at each end, and the lateral fric- 
tion of a single wheel. A single rope sustains the whole, and as 
in other systems, the weight is as many times the power as there 
are ropes sustaining the lower block. This is conisidered the 
most perfect system of pulleys yet in rented. 

THE INCLINED PLANE. 

379. ThU power, the most simple of all machines, ctmsists/of 
a hard, smooth plane, inclined to the horizon in various decrees. 

It is the fourth me- 
chanical power, and is ^Q- 78. 
represented by Fig. 78, 
where from A to B is 
the inclined plane ; the 
line from D to A, is its 
height, and that from 
B to D, its base. 

A board with one end 
on the ground, and the other resting on a block, becomes an 
inclined plane. 

380. This machine being both useful and easily constructed, 
is in very general use, especially where heavy bodies are to be 
raised only to a small height Thus a man, by means of an 
inclined plane, which he can readily construct with a board, or 
couple of bars, can raise a load into his wagon, which ten men 
could not lift with their hands. 

381. The power required to force a given weight up an in- 
clined plane, is in proportion to its height, and the length of its 
base, or, in other words, the force must be in proportion to the 
rapidity of its inclination. 

382. The power, P, 
Fig. 79, pulling a weight 
up the inclined plane, 
from C to D, only raises 
it in an oblique direction 
from E to D, by acting 
along the whole length 

of the plane. If the inclined Plane. 



FIG. 79. 




375. How may a man raise himself up by means of a rope and single fixed pulley 1 
376. What is a preat defect in the common pulley 1 377. In what manner is it said 
that the defect with respect to friction might be remedied I 378. Ueficnbe White's 
pulley, and show how the defects in other pulleys are remedied bv this. 379. What 
is an inclined plane 7 380. On what occasions is this power chiefly used ? Suppose 
a man wants to put a barrel of cider into his wagon, how does he malte an mclined 
plane for this purpose 1 
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plane be twice as long as it is high, that is, if the line from C 
to D be double the length of that from E to D, thqn one poond 
at P will balance two pounds any where between D and 0. fi 
is evident, by a glance at this figure, that were the base length- 
ened, the height from E to D being the same, a less power 
at P would balance an equal weight any where on the indined 
plane ; and so, on the contrary, were the base made shorter, 
that is, the plane more steep, the power must be increased is 
proportion. 

383. Suppose two in- 
clined planes. Fig, 80, 
of the same height, with 
bases of different lengths; 
then the weight and 
power will be to each 
other as the length of 
the planes. If the length 

from A to B is two feet, and that from B to one foot, then 
two pounds at D will balance four pounds at W, and so in this 
proportion, whether the planes be longer or shorter. 

384. The same principle, with respect to the virtual veloci- 
ties of the weight and power, applies to the inclined plane, in 
common with the other mechanical powers. 

Suppose the inclin- 
ed plane. Fig, 81, to no. 81. 
be two feet from A to 
B, and one foot from 
C to B, then, as we 
have already seen by 
Fig, 79, a power of 
one pound at P, would 
balance a weight of 
two pounds at W. 
Now, in the fSall of the 
power to draw up the 
freight, it is obvious 
that its vertical de- 
scent must be just twice the vertical ascent of the weight; for 




Indined Plane. 



381. To roll a given weight up an inclined plane, to what must the force be pro* 
portioned? 382. Explain Fig. 79. 383. If the length of the long plane, Fig. SO, be 
double that of the short one, what mugt be the proportion between the power and 
the weight 1 384. What is said of the application of the law of virtual Telocitira to 
the inclined plane 1 Explain Fig. 81, and show why the power must fall twice m te 
as the weight rises. 
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the power must fall down the distance from A to B, to draw 
the wei^t that distance ; but the vertical height to which the 
weight W is raised, is only from C to B. Thus the power, be- 
ing two pounds, must fall two feet, to raise the weight, four 
pounds, one foot ; and thus the power and weight, multiplied 
by their several velocities, are equal. 

When the power of an inclined plane is considered as a ma- 
chine, it must therefore be estimated by the proportion which 
the length bears to the height ; the power being increcued in 
proportion as the elevation of the plane is diminished. 

385. Application to Roads. — Hilly roads may be regarded 
as inclined planes, and loads drawn upon them in carriages, 
considered in reference to the powers which draw them, are 
subject to all the conditions which we have stated, with respect 
to inclined planes. ■ > ^ 

The power required to draw a load up a hill, is in proportion 
to the elevation of the inclined plane. On a road perfectly 
horizontal, if the power is sufficient to overcome the friction, 
and the resistance of the atmosphere, the carriage will move. 
But if the road rise one foot in lifteen, besides these impedi- 
ments, the moving power will have to lift one fifteenth part of 
the load. 

386. Now, where is there a section of country in which the 
traveler is not vexed with roads, passing straight over hills, 
when precisely the same distance would carry him around them 
on a level plane ? To use a homely, but very pertinent illustra- 
tion, ^ the bale of a pot is no longer, when it lies down, than 
when it stands up." Had this simple fact been noticed, and its 
practical bearing carried into effect by road makers, many a 
high hill would have been shunned for a circuit around its base, 
and many a poor horse, could he speak, would thank the wis- 
dom of such a decision. 

THE WEDGE. 

887. The next simple mechanical power is the loedge. This 
instrument may be considered as tioo inclined planes, placed 
bcLse to base. 

It is much employed for the purpose of splitting or dividing 
solid bodies, such as wood and stone. 



386. How do the principle* of the inclined plane ^VP^7^,J!^^^_^- ^l^J* 
Jd mboai the bale of a pot, aa applied to road • • - ->_ -. — .«^ 

does the wedf e act 1 In what case la thia power 



388. Fiff. 82 represents such a wedge as is 
usually employed in cleaving timber. Ibis in- 
■trument is also used in raising ships, and pre- 
pariog them to launch, and for a vanety t^ other 
purposes. Nails, awls, needles, and many cut- 
ting instruments, act, more or less, on the prin- 
ciple of this machine. 

389. There is much difficulty in estimating 
the power of the wedge, since this depends on 
the force, or the number of blows given it, to- 
gether with the obliquity of its sides. A wedge 
of great obliquity would require hard blows to 
drive it forward, for the same reason that a 
plane, much inclined, requires much force to roll 
a heavy body up it But were the obliquity <rf 
the wedge, and the force of each blow given, still it would he 
difficult to ascert^n the ei^ut power of the wedge ia ordinary 
cases, for, in the splitting of timber and stone, for instance, the 
divided parte act as levcrfi, and thus greatly increase the pons' 
of the wedge. Thus, in a log of wood, six feet long, when 'aplit 
one half of its length, the other half is divided with ease, be- 
cause the two parts act as levers, the lengths of which con- 
stantly increase, as the cleft extends Irom the wedge. 



390. 77ie screw is t/te sixth and last simple mechani«al poatf. 
It may be considered as a modification of the inclined plcme, or 
as a winding wedge. 

381. It is an inclined plane run- Flo. a. 

ning spirally round a spindle, as will 
be seen by Fig. 83. Suppose a to 
be a piece of paper, cut into the form 
of an inclined plane and rolled round 
the piece of wood d; its edge would 
form the spiral line, called the thread 
of the screw. If the finger be placed 
tetween the two threads of a screw, 
ind the screw be turned round oi 
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the finger will be raised upward equal to the distance of the two 
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thus taking the places of horses, which from the earliest thui 
of using coal had performed this service. 

662. It being therefore already known how many horses wen 
required to raise a certain amount of coal from a given d 
the powers of these en^nes were very naturaliy compared to 
those of horses, and thus an engine which would penorm lin 
work of ten horses, was called an engine of ten hone jxmr. 
To this day the same term is used, with the same meam^ 
though very few appear to know either the origin of the tenif 
or the amount of power it implies. 

Several engineers, after the term was thus used, made exps- 
iments, for the purpose of ascertaining the average strength of 
horses, with a view of fixing a standard of mechanical 6ro 
which should be indicated by the term horse power. 

This was done by means which it is not necessary here lo 
describe. 

663. Smeaton, a celebrated mechanical philosopher, estinn- 
ted that tlie average power of the horse, working eight hooni 
day, was equal to the raising of 23,000 pounds at the ratecf 
one foot per minute. 

604. Messrs. Bolton and Watt caused experiments to ba 
made with the horses used in the breweries of London, said to 
be the strongest in the world, and from the result they estiitt- 
ted that 33,000 pounds raised at the rate of one foot per mii- 
ute, was the value of a horse's power, and this is the es&aak 
now generally adopted. When, therefore, an engine is said to 
be so many horses power, it is meant that it is capable of offf- 
coming a resistance equal to so many times 33,000 poimdi 
raised at the rate of one ft)ot per minute. Thus an engine of 
ten horse power is one capable of raising a load of 330,000 
pounds one foot per minute, and so at this rate, whether the 
power be more or less. "** 

665. Power of Steam.— Experiment has proved that a 
ounce of water converted into steam will raise a weight of 2,100 
pounds one foot. 

666. A cubic foot of water contains 1,728 cubic inches, sA 
the power, therefore, of a cubic foot of water, when converted 



660. What is said of accidents from steam in our country 1 661. Where did theiM* 
enfi;ine first take the place of horses? 662. What is tne origiu of the term honi 
power? 663. What was Smcaton's estimate of a horse's power 1 664. Wtutva 
Watt and Bolton's estimate of a horse's power ? What is meant by a horse's piW 
at the present time ? How many horses would raise 33,000 pounds one foot per0ri» 
ute ? 665. What is the power of a square inch of water converted into steam 1 ^ 
What is the power of a cubic foot of water converted into steam 1 How mochpamr 
is lost in acting upon the engine 1 



08 SCREW. 

mch CLS to he limited only hy the strength of the materiak of 
which it is made. 

In investigating the effects of this machine, we mnsti there- 
fore, take into account both these simple mechanical powen, so 
that the screw now becomes really a compound engine. 

396. In the inclined plane, we have already seen, that the 
less it is incHncd, the more easy is the ascent up it. In apply- 
ing the same principle to the screw, it is obvious, that tae 
greater the distance of the threads from each other, the man 
rapid the inclination, and consequently, the greater must be 
the power to turn it, under a given weight. On the oontraiy, 
if the thread inclines but slightly, it will turn with lees power, 
for the same reason that a man can roll a heavy weight up a 
plane but little inclined. Therefore, the finer the screw, or the 
nearer the threads to each other, the greater wiU be the pree- 
sure under a given power. 

397. Let us suppose tiivo screws, the one having the threads 
one inch apart, and the other half an inch apart; then the 
force which the first screw will give with the same power at the 
lever, will be only half that given by the second. The second 
screw must be turned twice as many times round as the first, to 
go through the same space ; but what is lost in velocity is gained 
in power. At the lever of the first, two men would raise a 
given weight to a given height, by making one revolatJoo; 
while at the lever of the second, one man would raise the same 
weight to the same height, by making two revolutions. 

398. It is apparent that the length of the inclined plane, up 
which a body moves in one revolution, is the circumference of 
the screw, and its height the interval between the threads. 
The proportion of its power would therefore be " cw the circum- 
ference of the screw, to the distance between the threads^ so « 
the weight to the power P 

399. By this rule the pow^er of the screw alone can be found; 
but as this machine is moved by means of the lever, we must 
estimate its force by the combined power of both. In this case, 
the circumference described by the end of the lever employc^d, 
is taken, instead of the circumference of the screw itself. The 
means by which the force of the screw may be found, is there- 
fore, by multiplying the circumference whidi the lever describes 
by the power. 



396. Why does the nearness of the threads make a difference in the force of tbi 
screw 1 397. Suppose one screw, with its tlireads one inch ajpart, and another half 
an inch apart, what will be their dlfTerence in force 1 398. What ir the length of tbi 
tnclined plane, up which a body moves by one revolution of the screw 1 
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400. Thus, " the power multiplied hy the circumference which it 
describes^ is equal to the weight or resistance, multiplied hij the 
distance between the two contiguous threads^ Ilence tho 
efficacy of the screw may be increased, by increasing the length 
of the lever, or by diminishing tho distance between the threads. 
I^ then, we know the length of the lever, the distance between 
the threads, and the weight to be raised, we can readily calcu- 
late the power ; or, the power being given, and the distance of 
the threads and the length of the lever known, we can estimate 
the weight the screw will raise. 

401. Thus, suppose the length of the lever to be forty inches, 
the distance of iJie threads one inch, and the weight 8000 
pounds ; required, the power, at the end of the lever, to raise 
the weight. 

The lever being 40 inches, the diameter of the circle, which 
the end describes, is 80 inches. The circumference is a little 
more than three times the diameter, but we will call it just 
three times. Then, 80x3=240 inches, the circumference of 
the circle. The distance of the threads is 1 inch, and the weight 
8000 pounds. To find the power, multiply the weight by the 
distance of the threads, and divide by the circumference of the 
circle. Thus, 

Circum. In. Weight. Power. 

240 : 1 : : 8000 : 33+ 

The power at the end of the lever must therefore be 83-^ 
pounds. In practice, this power would require to be increased 
about one-third, on account of friction. 

402. Perpetual Screw. — The force of the screw is some- 
times employed to turn a wheel, hy acting on its teeth. In this 
case it is called the perpetual screw. 

403. Fig, 86 represents such a machine. It is apparent, 
that by turning the crank C, the wheel will revolve, for the 
thread of the screw passes between the cogs of the wheel. By 
means of an axle, through the center of this wheel, like the 
common wheel and axle, this becomes an exceedingly powerful 
machine, but hke all other contrivances for obtaining great 
power, its effective motion is exceedingly slow. It has, how- 
ever, some disadvantages, and particularly the great friction be- 



400. How is the force of the screw estimated *? How may tho efficacy of the screw 
be increased 1 401. The length of the lever, the distance between the threads, and 
the weight being known, how can the power be found t Give an example. 402. 
What is the screw called when It is employed to turn a wheel 1 403. Ezplam Fig. 
86. What is the obfection to this machine for raising weights 7 
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tween the thread of the screw and 
the teeth of the wheel, which pre- 
vents it from being generally em- 
ployed to raise weight". 

404. All these Mkohasical 
PoWBna iiEaoLVED into TnnEK. — ■ 
We have now enumerated and de- 
Bcribed all the mechanical powera 
usually denominated simple. They 
are six in number, namely, the 
Lever, "Wheel and Anle, Pulley, 
Wedge, Inclined Plane, and Screw. 

405. Inrespect to the principles 
on which they act, they may be resolved into three ninpiB 
powers, namely, the lever, the inclined plane, and the pnlky; 
tor it has been shown that the wheel and axle is only anolui 
form of the lever, and that the screw is but a tnodidcadoD of 
tiie inclined plane. 

It is surprising, indeed, that these simple powera can be lo 
arranged and modilied, as to produce the different octjong in ill 
that vast variety of intricato machinery which men have in- 
vented and constructed. 

406. Cars Machine. — The variety of motions we witnetain 
the little engine which makes cards, by being supphed witii 
wire for the teeth, and stripa of leather to stick them throng 
would itself seem to involve more mechanical powers than those 
enumerated. This engine takes the wire from a reel; bends it 
into the form of teeth ; cuts it off; makes two holes in the 
leather for the tooth to pass through ; sticks itthrough; then gives 
it another bend on the opposite aide of the leathnr ; graduates 
the spaces between the rows of teeth, and between one tootli 
and another ; and, at the same time, carries the leather back- 
ward and forward, before the point where the teeth are intro- 
duced, with a motion so exactly corresponding with the motions 
of the parts which make and stick the teeth, aa not to produce 
the difference of a hair's breadth in the distance between them. 

All this is done without the aid of human hands, any Airther 
than to put the leather in its place, and turn a crank; or, id 
some instances, many of these machines are turned at once, by 
means of three or four dogs, walking on an inclined plane whidi 
revolves. 



40V. Such a niRchiiie displaje the wonderful ingenuity ^d 
pflneverance of man, and at first Bight would seem to set at 
Bknght the idea that the lever and wheel are the chief simple 
powers concerned in its motions. But when these motions are 
examined Bingly and deliberately, we are »oon convioccd that 
Uie wheel variously modified, is the principal mechanical power 
in the whole engine^ 

408. UsB 07 MaJ^brt. — It has already been stated, (354,) 
that notwithstanding the vast deal of time and ingenuity which 
men have epent on the construction of machinery, and in 
attempting u> multiply their powers, there has, as yet, been 
□one produced, in which the power was not obtained at the 
expense of velocity, or velocity at the expense of power; and, 
therefore, no actual force ia ever generated by machinery. 

When men employ the naturm elements as a power to over- 
oome reastance by means of machinery, there is a vast savine 
of animal labor. Thus mills, and all kinds of engines, which 
are kept in motion by the power of water, or wind, or steam, 
save animal labor equal to tJie power it takes to keep them in 
motion. 

408. Five Mechanical Powers in one Machine. — An engineer, 
it is smd, for the purpoee of drawing a ship out of the water to 
be repaired, combined the mechanical powers represented by 
Fig- 81, and perhaps no machine ever constructed gives greater 
force witii so small a power. 




It involves the lever A, wheel and axle B, the pulley C, the 
inclined plane D, and the screw E. 

40r Wh«l are Ihe chief mechiiiicsl pDWE.B CODC»rnHi Id Itn mollonB 1 «» !■ 
[here* HUT Klml force isnsriKd br michioerjl Whst li ati of employinr ihs 
QclnnL eltniEnn u > powtr 1 109. Whal are Iha Ave mecbuiital powers emplojtd 
In n«. 87 1 PolBl am on Ihe cut Itu place of tscli novtr. 
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To estimate the force of this engine, it is neoessaiy to know 
the length of the lever, diameter of the wheel, &c 

Suppose then, the sizes of the different powers are as fol- 
lows, viz. : — 

Length of the lever A, 18 inches. 

Distance of the thread E, 1 inch. 

Diameter of the wheel B, 4 feet. 

Diameter of the axle, 1 foot. 

Pulleys C and D, D fixed, 4 strings. 

Height of the plane D, one-half its length, . . 2 feet 

Suppose the man turns the lever A, with the power equal to 
100 pounds, the force on the ship would thus be found, for the 
different laws and rules referring to each mechanical power. 

1. One hundred pounds on the lever A, would be- 
come a force by means of the screw on the wheel Poondt. 
Bof 11,309.76 

2. Diameter of wheel four times that of the axle, . 4 

45,239.04 

3. The number of pulley strings, 4 

180,956.16 

4. Height of the inclined plane half its lenth, . . 2 

361,912.32 

The force on the ship therefore would be equal to 361,912 
pounds, or about 161 tons. 



CHAPTER V. 

HYDROSTATICS. 



410. Hydrostatics is the science which treats of the weiffhtj 
pressure, and equilibrium of water, or other fluids, when in a 
state of rest. 

411. Hydraulics is that part of the science of fluids which 
treats of water in motion, and the means of raising and con- 
ducting it in pipes, or otherwise, for all sorts of purposes. 

409. What must be known to estimate the power of this machine 1 What is the 
amount of force on the ship 1 410. What is hydrostatics ? 411. How does bydranlicf 
differ from hydrostatics 1 
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The subject of water at rest, will first claim investigation, 
lince the laws which regulate its motion will be best understood 
by first comprehending those which regulate its pressure. 

412. A fluid is a substance whose particles are easily moved 
ifnong each other ^ <m air and water. 

413. Ihe air is called an elastic fluid, because it is easily 
sompressed into a smaller bulk, and returns again to its original 
itate when the pressure is removed. Water is called a non- 
slastic fluid, because it admits of little diminution of bulk under 
pressure. 

414. The non-elastic fluids are perhaps more properly called 
liquids, but both terms are employed to signify water and other 
bodies possessing its mechanical properties. The term fluid, 
when applied to the air, has the word elastic before it. 

415. One of the most obvious properties of fluids, is the 
facility with which they yield to the impressions of other bodies, 
and the rapidity with which they recover their former state, 
when the pressure is removed. The cause of this, is the free- 
dom with which their particles slide over, or among each other ; 
their cohesive attraction being so slight as to be overcome by 
the least impression. On this want of cohesion among their 
particles seems to depend the peculiar mechanical properties of 
these bodies. 

416. In soUds, there is such a connection between the parti- 
cles, that if one part moves, the other part must move also. 
But in fluids, one portion of the mass may be in motion, while 
the other is at rest. In solids, the pressure is always downward, 
or toward the center of the earth's gravity ; but in fluids, the 
particles seem to act on each other as wedges, and hence, when 
confined, the pressure is sideways, and even upward, as well as 
downward. 

417. Elasticity of Water, — ^Water has commonly been called 
a non-elastic substance, but it is found that under great pressure 
its volume is slightly diminished, and hence it is proved to be 
elastic. The most decisive experiments on this subject were 
made many years ago by Mr. Perkins. 

418. These experiments were made by means of a hollow 
cylinder, Fig, 88, which was closed at the bottom, and made 
water-tight at the top, by a cap, screwed on. Through this 

412. What is a fluid 1 413 What is an elastic fluid ? Why is air called an elastic 
fluid 1 414. What substances are called liquids ? 415. What is one of the most ob- 
vious properties of liquids ? 416. On what do the peculiar mechanical properties of 
fluids depend 7 In what respect does- the pressure of a fluid differ from that of a 
solid 1 417. Is water an elastic, or a non-elastic fluid } 418. Describe Fig. 88, and 
show how water was found to be elastic 
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cap, at A, passed the rod B, which was five-BJitoentha 
of an inch in diameter. The rod was so nictly fitted 
to the cap, as also to be water-tight. Around the 
tod at C, there was placed a flexible ring, which could 
be easily pushed up or down, but fitt^ so closely aa 
to remmn on any part where it was placed. 

A cannon of sufficient size to receive this cylinder, 
which was three inches in diameter, was fumuihed 
with a strouf; cap and forcing pump, and set verti- 
cally into the ground. The cannon and cylinder 
were neitt filled with water, and the cylinder, with 
its rod drawn out, and the ling placed down to the 
cap, as in the figure, was plunged into the cannon. 
The wat«r in the cannon was thca subjected to an 
immense pressure by means of the forcing pump, JanM. 
after which, on examination of the apparatus, it was 
ibund that the ring 0, instead of being where it was placed, wn 
eight inches up the rod. The water in the cylinder being com- 
preseed into a smaller space, by the pressure of that in the can- 
non, the rod was driven in, while under presanre, but was fbncd 
out agdn by the expansion of tie water, when the presame 
was removed. Thus, the ring on the rod wonld indicate the 
diatance to which it had been forced in, during the greatett 
pressure. 

419. This experiment proved that water, under the preesurs 
of one thousand atmospheres, that is, the weight of \5fiO0 
pounds to the squaj^ inch, was reduced in bulk abont one part 
m24. 

So slight a degree of elasticity under such immense pressure, 
is not appreciable under ordinary circumstance, and therdbie 
in practice, or in common experiments on this fluid, water ii 
considered as non-elastic. 



420. TAf particles of waler, and other fluids, when confined, 
press on Ike vessel which confines them, in all directions, both 
upward, dowmvard, and ddewaya. 

From this property of flnids, together with their wei^t, vciy 
unexpected and surprLsing effects are produced. 

The effect of this property, which we shall first examine, is, 



689. Locomotdre engines ore always on the high pnosn 
principle, because such engines are mote simple in Btmetnn 
than those of lov pressure, the former not requiring t^e ooi- 
densiog apparatus which is indispensable in the latter. 



ACOUSTICS. 

600. Ac&tutiei is that hrawh Qf natural phiiotaphy wUck 
treat* of the origin, fo-opoffalion, and effeeti of aowtd. 

691. yUrnUian of Solids. — When a sooorons, or eonndiiig 
body is Btruclt, it is thrown into a tremulous or Tibrating mo- 
tion. This motion is communicated to the air vhich sanonD^ 
us, and by the air is conveyed to our ear drums, which sbo 
undergo a vibratory motion, and this last motion throning &» 
auditory nerves into action, we thereby gain the sezisation rf 

If any sounding body, of considerable size, is suspended !■ 
the air and struck, this tremulous motion is dislinctlj riaiUt 
to the eye, and while the eye perceives its motion, the ear per- 
ceives the sound. 

692. Pro(^ by the Air-Pump. — That fio, let 
sound is conveyed to the ear by the motion 
which the sounding body communicates to 
the ail, is proved by an interesting expen- 
ment with the air-pump. 

693. This is done by a little piece of me- 
chanism shown by Fiff. 154. It consists 
of a block of lead weighing a pound or two, 
into which is inserted the standard of the 
bell A. A piece of wire, also fixed to the 
lead, is bent over the bell at B, to which la 
jointed the handle of a small hammer. At 
half an inch from the joint, the handle 
passes through the end of the sliding rod 
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and that a targe quantity of water m on open vetwl, pmm 
with no more force than a smalt quantitif of the game hagkt.'' 
424. Pressure equal in VesieU i^ all Siu» and iSAqptt.— 
The size or shape of a vessel is of no consequence, for if a nion- 
ber of vessels, differing entirely from each other in figtire, pori- 
tioD, and capacity, have a communication made between tliem, 
and one be filled with water, the surface of the fluid, in all, will 
be at the same elevation. I^ therefore, the water atanda at la 
equal height in all, the pressure id one must be just equal lo 
Hiat in another, and so equal to that in all the others. 




Equal Prature ^ Water. 

425. To make this obvious, suppose a number of vesseb, of 

different shapes and sizes, as represented by Fig. 91, to Lbtb a 
communication between them, by means of a small tube, pan- 
ing from the one to the other. K, now, one of these vessela be 
filled with water, or if water be poured into the tube A, all the 
other vessels will be filled at the_ same instant, up to the line 
B C. Therefore, the pressure of the water in A, bolauces tlist 
in 1, 2, 3, &c., while the pressure in each of these vessels is 
equal to that in the other, and so an equilibrium is produced 
throughout the whole series. 

426. K an ounce of water be poured into the tube A, it will 
produce a pressure on the contents of all the other yesaels, equal 
to the pressure of all the others on the tube : for, it will force 
the water in all the other vessels to rise upward to an equal 
height to that in the tube itself. Hence, we must conclude, 
that the pressure in each vessel is not only equal to that in an]' 



10 tbe rube A, whu wUI 
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FIO. 92. 



af the others, but also that the pressure in any one is equal to 
that in all the others. 

427. From this, we learn that the shape or size of a vessel 
hflB no influence on the pressure of its liquid contents, but that 
the pressure of water is as its height, whether the quantity be 
great or smalL We learn, also, that in no case will the weight 
C^ a quantity of liquid, however large, force another quantity, 
however small, above the level of its own surface'.>\- 

428. Now, by other experiments, it is ascertained, that the 
pressure of a liquid is in proportion to its height, and the area 
of its base. 

Suppose a vessel, ten feet high, and two 
feet in diameter, such as is represented at 
A, Mg. 92, to be filled with water ; there 
would be a certain amount of pressure, at 
C, near the bottom. Let D represent an- 
other vessel, of the same diameter at the 
bottom, but only a foot high, and closed 
at the top. Now if a small tube, the fourth 
of an inch in diameter, be inserted into the 
cover of this vessel, and the tube be car- 
ried to the height of the vessel A, and then 
the vessel and tube be filled with water, 
the pressure on the bottoms and sides of 
both vessels at the same height will be 
equal, and jets of water starting from D 
and C will have exactly the same force, 
and spout to the same distance. 

This might at first seem improbable, but to convince our- 
selves of its truth, we have only to consider, that any impres- 
sion made on one portion of the confined fluid in the vessel D, 
is instantly communicated to the whole mass. Therefore, the 
water in the tube B, presses with the same force on every other 
portion of the water in D, as it does on that small portion over 
which it stands. 

429. Bursting a Cask, — This principle is illustrated in a 
very striking manner, by the expenment, which has often been 
made, of bursting a common wine cask with a few ounces of 
water. 




427. What conclasion is to be drawn from pouring the ounce of water into the tube 
A 1 What is the reason that a large quantity of water will not force a small quantity 
above its own level 1 Is the force of water in proportion to its height, or its quan- 
tity 1 428 How is a small quantity of water shown to press equal to a large quantity, 
by Fig. 92 1 429. Explain the reason why the pressure is as great at D, as at C. 
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Burning a CaA 



Suppose A, Fig, 93, to be such a cask, alreadj no. a 

filled with water, and suppose the tube B, fifty 
feet high, to be screwed, water-tight, into its 
head. When water is poured into the tube, 
80 as to fill it gradually, the cask will show in- 
creasing signs of pressure, by emitting the 
water through the pores of the wood, and be- 
tween the joints; and, finally, as the tube ib 
filled, the cask will burst asunder. 

430. The same apparatus will serve to illus- 
trate the upward pressure of water ; for, if a 
small stop-cock be fitted to the upper head, on 
turning this, when the tube is filled, a jet of 
water will spirt up with a force, and to a height, 
that will astonish all who never before saw such 
an experiment 

In theory, the water will spout to the same 
height with that which gives the pressure, but, 
in practice, it is found to fall short in the fol- 
lowing proportions : — 

431. If the tube be twenty feet high, and the orifice for the 
jet half an inch in diameter, the water will spout nearly nine- 
teen feet. If the tube be fifty feet high, the jet will rise up- 
ward of forty feet, and if a hundred feet, it wiU rise above eighty 
feet It is understood, in every case, that the tubes are to be 
kept full of water. 

The height of these jets shows the astonishing cflfects that a 
small quantity of fluid produces when pressing from a perpen- 
dicular elevation. 

432. Hydrostatic Paradox. — This paradox, illustrated by 
Fig, 94, consists in experimental proof of the principle already 
insisted on, that water presses according to its height, and not 
to its quantity. Fill a glass jar with water, and b^ance it on 
the scale-beam F, E, with small weights. Then pour out the 
water, leaving only an inch or two deep, letting the balance 
weights remain. Replacing the jar, which will now stand 
higher than before, owing to the loss of water, introduce into 
it, by means of the crane, II, a piece of wood a few lines smaller 
in all directions than the inside of the jar. The wood being 



How is the same principle illiiRtrated by Fig. 93 1 430. How may Fig. 98 be made 
to illustrate the upward pressure of water 1 431. Under the pressure of a column 
of water twenty feet high, what will be the height of the jet? Under a pressure of a 
hundred feet, how high will it rise 1 432. What does the hydrostatic paradox abowl 
Explain by the figure how the experiment is made. 
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HydrostcUie Parados, 

adjusted by means of the thumb-screw, so that the water is 
made to nse around it exactly to the brim, or as high as it 
stood before any was poured out, (the wood not touching the 
glass,) and it will be found that it will exactly balance the 
weights, as it did when fiill of water, though it now contains 
only a tenth as much as before. 

The result will be the same if, instead of the wood, the same 
bulk of cork or lead be placed in the jar, the only point being, 
that, in each case, the water should rise to the same height 

The above experiment proves, in a very striking manner, that 
the pressure of water is as its height ; and the reason why it 
makes no difference in the result whether the body placed in 
the jar be of wood, cork, or lead is, that the solid merely takes 
the place of the fluid, displacing its own bulk, and thus the 
weight remains just as though the water itself had remained in 
the jar. Thus, the pressure of a tenth part of the water, of 
equal height, equals the whole. 

433. Proof by Mercury. — In addition to the above proofs, 
that a small, will balance a large quantity of water, we add the 
following, perhaps the most satisfactory of all. 

Let A, B, C, Fig. 95, represent a glass tube, having at A, a 
collar cemented to the glass, into which vessels of different ca- 
pacities and shapes, may be screwed. The tube is first filled 
with mercury up to the level of the dotted line A C, and the 
tube G jt>, fitted in its place. The vessel D, is then screwed 
into A, and water is poured in as far as A, the base of the column 



433. Explain Fifr. 95, and show in what manner different quantities of water will 
balance the same weight of mercury. 
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of water being, as seen, _ *^' *■ 

equal to that of the mer- '^ 
cuiy. The fluid metal 
will rise, by the pressure 
of the water on A, up to 
2? in the small tube. Then 
unscrew D, and in its 
place fix the conical ves- 
sel E, and pour in water 
as before, and the same 
result will follow, and so 
with the small tube F; 
in each case, the height 
of the water, notwithstanding the difference in auantily, iHll 
force the mercury to exactly 3ie same elevation, d^ 

434. Hydrostatic Bellows. — ^An instrument called the 
hydrostatic bellows, also shows, in a striking manner, the great 
force of a small quantity of water, pressing in a perpendicular 
direction. 

This instrument consists of two 
boards, connected together with strong 
leather, in the manner of the common 
bellows. It is then famished with a 
tube A, Fig, 96, which communicates 
between the two boards. A person 
standing on the upper board may raise 
himself up by pouring water into the 
tube. If the tube holds an ounce of 
water, and has an area equal to a 
thousandth part of the area of the top 
of the bellows, one ounce of water in 
the tube will balance a thousand ounces 
placed on the bellows. 

435. Hydkostatio Press. — This 
property of water was applied by Mr. 
j3ramah, to the construction of his hydrostatic press. But 
instead of a high tube of water, which in most cases could not 
be so readily obtained, he sul^stituted a strong fordng-pump, 
and instead of the leather bellows, a metallic pump, barrel, and 
piston. 




HydroBUMtie Bdbma. 



434. What is the hydrostatic bellows? What property of water is this instroment 
designed to show 1 435. Explain Fig. 97. Where is the piston 1 Which* is the 
pump-barrel in wliich it worlcs ? 
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This arrangement will be 
understood by Fig. 97, where 
the pump-barrel. A, B, is repre- 
sented as divided lengthwi^ 
in order to show the inade. 
The piston, C, is fitted so ac- 
curately to the barrel, as t*j 
work up and down water-tight ; 
both barrel and piston being 
made of iron. The thing to 
be broken or pressed, is laid 
on the flat sur^oe, I, there be- 
ing above this, a strong frame 

to meet the pressure, not shown in the figure. The pmall 
forcing-pump, of which D is the pLston, and II, the lever by 
which it is woiked, is also made of iron. 

Now, suppose the space bet^'t^n the small piston and the 
large one, at W, to be filled with water, then, on forcing down 
the small piston, D, there will be a pressure against the large 
piston, C, flie whole force of which will be in proportion as the 
aperture in which C works, is greater than that in which D 
works. 

436. If the piston, D, is half an inch in diameter, and the 
piston, C, one foot in diameter, then the pressure on C will be 576 
times greater than that on D. Therefore, if we suppose the 
pressure of the small piston to be one ton, the large piston 
will be forced up against any resistance, with a pressure equal 
to the weight of 576 tons. 

437. It would be easy for a single man to give the pressure 
of a ton at D, by means of the lever, and, therefore, a man, with 
this engine, would be able to exert a force equal to the weight 
of near 600 tons. 

438. It is evident that the force to be obtained by this prin- 
ciple, can only be limited by the strength of the materinls of 
which the engine is made. Thus, if a pressure of two tons be 
given to a piston, the diameter of which is only a quarter of an 
inch, the force transmitted to the other piston, if tlireo foot in 
diameter, would be upward of 40,0p0 tons ; but sucli a force 



436. In tbe hydrostatic press, what is the proportion between the pressure giveu 
by tlie small piston, and the force exerted on the lar^e one 1 437. w)mt is the esti* 
mated force which a man could give by one of these enj;ines7 4:S3. If the pressure 
of two tons be made on a piston of a quarter of an inch in diameter, what will be the 
force transmitted to the other piston of three feet in diameter 7 
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is much too CTcat for the strength of any material with vludi 
we are acquainted. 

A small quantity of water, extending to a great elevatioO) 
would give the pressure above described, it bemg only for fba 
sake of convenience, that the fordng-pump is employed instead 
of a column of water. 

439. Rupture of a Mountain, — ^There is no donbt^ but in die 
operations of nature, great effects are sometimes prodaced among 
mountains, by a small quantity of water finding its way to t 
reservoir in the crevices of the rocks far beneath. 

FlO. 98. 




Rupture of a Mountain, 

Suppose, in the interior of a mountain, at A, J^y. 98, there 
should be a space of ten yards square, and an inch deep, filled 
with water, and closed u}> on all sides ; and suppose that, in the 
course of time, a small fissure, no more than an inch in diam- 
eter, should be opened by the water, from the hei^t of two 
hundred feet above, down to this little reservoir. The conse- 
quence might be, that the side of the mountain woxdd burst 
asunder, for the pressure, under the circumstances supposed, 
would be equal to the weight of ^vq thousand tons. 

440. Pressure on Vessels with Oblique Sides, — It is obvionfl, 
that, in a vessel, the sides of which are every where perpendic- 
ular to each other, the pressure on the bottom will be as 
the height, and that the pressure on the sides will every where 
be equal, at an equal depth of the liquid. 

But it is not so obvious, that in a vessel having oblique sides, 



439. What is said of the pressure of water in the crevices of moantains and its 
efTects 1 440. What is the pressure on the bottom of a vessel contaiiiinir a floid eqaal 
to 1 Suppose the sides of the vessel slope outward, what effecl does this prodace ud 
the pressure 1 
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Itiit is, divei^ng outward from the bottom, or converging from 
Bie bottom toward the top, in what manner the pressure will 
be sustained. 

' 441. Now, the pressure on the bottom of any vessel, no mat- 
tier what the shape may be, is equal to the height of the fluid, 
and the area of Uie bottom, (428.) 

Hence the pressure on 
Ae bottom of the vessel fig. 99. 
yioping outward, Fig, 99, 
will be just equal to what 
it would be, were the sides 
perpendicular, and the same 

would be the case did the Presmre on Diverging Sides. 

sides slope inward instead 
of outward. 

In a vessel of this shape, the sides sustain a pressure equal to 
the perpendicular height of the fluid, above any given point. 
Thus, if the point 1 sustain a pressure of one pound, 2, being 
twice as far below the surface, will have a pressure equal to two 
pounds, and so in this proportion with respect to the other eight 
parts marked on the side of the vessel. On the contrary, did 
the sides of the vessel slope inward instead of outward, still the 
same consequences ensue, the vertical height in both cases mak- 
ing the pressure equal. For although in the latter, the eleva- 
tion is not above the point of pressure, the efiect is the same in 
each case. / 

PRESBURB OF WATER IN POUNDS, AT VARIOUS DEPTHS. 

442. The weight of a cubic inch of water at the temperature 
of 62**, is the 0.036Q65 fraction of a pound. A column of wa- 
ter one foot high, being twelve times the above, would there- 
fore be 0.4328 pounds. 

443. Now a square foot is 144 square inches, and therefore 
the pressure, or weight, of a square foot of water will be found 
by multiplying the above fraction by 144, which gives 62.3232, 
or nearly 62 and a third pounds. Omitting the decimals, a 
cubic foot of water is commonly estimated at 62 pounds. 

441. On the contrary, did the sides of the vessel slope inward exactly the pame 
amount of pressure according to the height, what would be the result 1 442. What 
is the weight of a cubic inch of water 1 443. What is the weight of a cubic foot of 
water? 

10* 
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the image of the object is shortened in proportion to the acute- 
ness of this angle, and the object appears diminished as repre- 
sented at O.V ^ 

40. The nnaff? of an object appears less, as the object is re- 
moved to a greater distance from a convex mirror. 

To explain this, let us suppose that the arrow A, Fig. 188, 
is diminished by reflection from the convex surface, so that its 
image appearing at D, with the eye at C, shall seem as much 
smaller in proportion to the object, as D is less than A. Now, 
keeping the eye at the same distance from the mirror, withdraw 
the object, so that it shall be equally distant with the eye, and 
the image will gradually diminish, as the arrow is removed. 

The reason will be made plain by the next figure ; for as the 
arrow is moved backward, the angle at C, Fig, 189, must he 
diminished, because the rays flowing from the extremities of the 
object fall a greater distance before they reach the surface of 
the mirror ; and as the angles of the reflected rays bear a pro- 
portion to those of the incident ones, so the angle of vision will 
become less in proportion, as the object is withdrawn. The 
eflect, therefore, of withdrawing the object, is first to lessen the 
distance between the converging rays, flowing from it, at the 
point where they strike the mirror, and as a consequence, to 
diminish the angle under which the reflected rays convey its 
image to the eye. 

41. Whg the Image seems near the Surface, — In the plane 
mirror, as already shown, the image appears exactly as {^ he- 
hind the mirror as the object is before it, but the convex mirror 
shows the image just under the surface, or, when the object is 
removed to a distance, a little way behind it. To understand 
the reason of this difierence, it must be remembered, that the 
plane mirror makes the image seem as far behind, as the object 
is before it, because the rays are reflected in the same relative 
position at which they fall upon its surface. Thus parallel rayi 
are reflected parallel; divergent rays equally divergent, and 
convergent rays equally convergent. But the convex mirror, as 
also above shown, (36,) reflects convergent rays less convergent, 
and divergent rays more divergent, and it is from this property 
of the convex mirror that the image appears near its surfaoe, 



40. How is the image affected when the object is withdrawn from the sarftce of % 
convex mirror 7 Explain Figs. 187 and 188, and show the reason why the imsfftart 
diminished when tlie objects are removed from the convex mirror. What is Mid It 
be the effect of withdrawing the object from a convex sur&ce. and what theeona^ 
quence on the angle of reflected rays 1 41. Explain the reason why the image t» 
peara near the surface of the convex mirror. 
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and not as far behind it as the object is before it, as in the 
plane mirror. 

Let ns suppose that A, Fig. 190, is a luminous point, from 
which a pencil of diverging rays falls upon a convex mirror. 
These rays, as already demonstrated, will be rrflected more 
divergent, and consequently will meet the eye at E, in a wider 
state of dispersion than they fell upon the mirror at O. Now, 
as the image will appear at the point where the diverging rays 
would converge to a focus in a contrary direction, were they 
prolonged behind the mirror, so it can not appear as far behind 
the reflecting surface as the object is before it, for the more 
widely the rays meeting at the eye are separated, the shorter 
will be the distance at which they will come to a point. The 
hnage will, therefore, appear at N, instead of appearing at an 
equal distance behind the mirror that the object A is before it. 
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42. Hie reflection of the concave mirror takes place from its 
inuidej or concave surface, while that of the convex mirror is 
fiom the outside, or convex surface. Thus the section of a 
metallic sphere, polished on both sides, is both a concave and 
tmvex mirror, as one or the other side in employed for reflection. 

The effects and phenomena of this mirror will therefore be, in 
nany respects, directly the contrary from those already detailed 
m reference to the convex mirror. 

From the plane mirror, the relation of the incident rays is 
Bot changed by reflection ; from the convex mirror they are dis- 

42. What is the shape of the concave mirror, and in what respect does it differ 
nMD the convex mirror? How may convex and concave mirrors be united in the 
ime instrumeotl What is the difference of effect between the concave, convex, 
Bd piuie mirrorsi on the reflected rays ) 
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liquid, and will therefore be level. But if one of these poinfti 
be more distant from the floats than the other, the line joiniiig 
the intersections will point upward if viewed from the lower 
sight, and downward if viewed from the higher one. 

The accuracy of the results of this instrument^ will be greatly 
increased by lengthening the tube A. 

447. Spirit Level. — The common ^®* ^*^^* 
spirit level consists of a glass tube. 
Fig. 101, filled with spirit of wine, ex- 
cepting a small space in which there 
is left a bubble of air. This bubble, spirit Lnd. 
when the instrument is laid on a level 

surface, will be exactly in the middle of the tube, and therefore, 
to adjust a level, it is only necessary to bring the bubble to thk 
position. 

The glass tube is inclosed in a brass case, which is cut ooi 
on the upper side, so that Uie bubble may be seen, as repre- 
sented in the figure. 

448. This instrument is employed by builders to level their 
work, and is highly convenient for that purpose, since it is onlj 
necessary to lay it on a beam to try its level. \, 

^ SPECIFIC GRAVITT. 

449. If a tumbler he filled with water to the brim, and an 
egg, or any other heavy solid, be dropped into it, a quantity of 
the fluid, exQjctly equal to the size of the egg, or othj&r solid, wiU 
be displaced, and will flow over the side of the vessel. Bodies 
which sink in water, therefore, displace a quantity of the fluid 
equal to their own bulks. 

450. Now, it is found by experiment, that when any sob'd 
substance sinks in water, it loses, while in the fluid, a portion of 
its weight, just equal to that of the bulk of water which it dis- 
places. This is readily made evident by experiment. 

451. Take a piece of ivory, or any other substance that will 
sink in water, and weigh it accurately in the usual manner; 
then suspend it by a thread, or hair, in the empty cup A, Fiy. 
102, and balance it, as shown in the figure. Now pour water 
into the cuj), and it will be found that the suspended body will 
lose a part of its weight, so that a certain number of grains 

447. Describe the common spirit level, and the method of using it. 448. What is 
the use of tlie level? 449. How much water will an egg displace ? 450. How much 
leas will a cubic inch of any substance weigh in water than iu air 1 451. How it it 
proved by Fig. 102, that a body vreighs leas in water than in airl 
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Weighing in Water. 



nrast be taken {rom the 
opposite scale, in order to 
make the scales balance as 
before the water was pour- 
ed in. The number of 
grains taken from the op- 
posite scale, show the 
weight of a quantity of 
water equal to the bulk of 
the body so suspended. 

452. It is on the prin- 
ciple, that bodies weigh less 
in the water than they do 
when weighed out of it, or 
in the air, that water be- 
comes the means of ascertaining their specific gravities, for it is 
by comparing the weight of a body in the water, with what it 
weighs out of it, that its specific gravity is determined. 

Tlius, suppose a cubic inch of gold weighs 19 ounces, and on 
being weighed in water, weighs only 18 ounces, or loses a nine- 
teenth part of its weight, it will prove that gold, bulk for bulk, 
is nineteen times heavier than water, and thus 19 would be the 
specific gravity of gold. And so if a cube of copper weigh 9 
ounces in the air, and only 8 ounces in the water, then copper, 
bulk for bulk, is 9 times as heavy as water, and therefore has a 
specific gravity of 9. 

453. If the body weighs less, bulk for bulk, than water, it is 
obvious that it will not sink in it, and therefore weights must 
be added to the lighter body, to ascertain how much less it 
weighs than water. 

"file specific gravity of a body, then, is merely its weight 
compared with the same bulk of water ; and water is thus made 
the standard by which the weights of all other bodies are 
compared. 

454. Mow to take the Specific Gravity, —To take the specific 
gravity of a solid which sinks in water, first weigh the body in 
the usual manner, and note down the number of grains it 
weighs ; then, with a hair, or fine thread, suspend it from the 
bottom of the scale-dish, in a vessel of water, as represented by 
Fig, 102. As it weighs less in water, weights must be added 
to the side of the scale where the body is suspended, until they 



4G2. On what principle are ipecffic gravities found? 453. What is the epecifie 
grmYity of a body t 464. How are the epecific gravities of solid bodies taken 1 
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exactly balance each other. Next, note down the number of 
grains so added, and they will show the differeDce between the 
weight of the body in air and in water. 

455. It is obvious that the greater the specific gravity of the 
body, the less, comparatively, will be this difference, becaoae 
each body displaces only its own bulk of water, and some bodiei 
of the same bulk will weigh many times more than others. 

456. For example, suppose that a piece of platina, weigliin| 
22 ounces, will displace an ounce of water, while a piece cl 
silver, weighing 22 ounces, will displace two ounces ci water. 
The platina, therefore, when suspended as above described, inll 
require one ounce to make the scales balance, while the same 
weight of silver will require two ounces for the same ptnpoM. 
The platina, therefore, bulk for bulk, will weigh twice as modi 
as the silver, and will have twice as much specific graviQr. 

Having noted down the difference between the weight of the 
body in air and in water, as above explained, the specinc gravity 
is found by dividing the weight in air by the loss in water. 
The greater the loss, therefore, the less will be the specific 
gravity, the bulk being the same. 

457. Thus, in the above example, 22 ounces of platina ms 
supposed to lose one ounce in water, while 22 ounces of silver 
lost two ounces in water. Now, 22 divided by 1, the loes of 
the platina, is 22 ; and 22 divided by 2, the loss in the silver, 
is 11. So that the specific gravity of platina is 22, while that 
of silver is 11. The specific gravities of these metals are, how- 
ever, a little less than here estimated. 

458. TABLE OF SPECIFIC GRAVITIEB. 

Antimony, 7 

Zino, 7 

Cast Iron, 7 

Tin, 8 

Cobalt, 8 

Steel, 8 

Copper, 9 

BiRmuth, 10 

Silver, 10 

Lead, 11 

Gold, 19 



Platinum, 20 

" hammered, ... 22 

Mercury, U 

Agate, 2i 

Sulphur, 2 

Glaiss, crown, 21 

" flint, SI 

Rock, crystal, 24 

Marble, 24 

Diamonds, Si 

Ruby, (oriental,) A\ 

This table being intended for common use, the fractions are 
omitted, and the nearest round numbers only given. 



^ 



455 Why does a heavy body weigh comparatively less in the water than a Qg^ 
one 1 456 Having taken the difference between the weight of a body in air and la 
water, by what rule is its E^pecific frravity found ? 457. Give the ezaoiple Mated, and 
show how the difference between the ■pecific gravities ot platina Bxui nlver is found 
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459. The hydrometer i» an instrument by wMeh the specific 
travitiea offiuidt are ascertained by the depth to which the in- 
ifrutnenf iinkt belota their surfaces. 

460. Suppose a cubic inch of lead loses, ivhen weiglied in 
irater, 253 grains, and, vhea weighed in alcohol, only 20!) 
KmiDs, then, according to the principle already recited, a cubic 
mch of water actually weighs 253, and a cubic inch of alcohol 
209 grains. Cor when a body Ih weighed in a fluid, it loses just 
the weight of ^a fluid it displaces. 

461. Wat^r, as we have already seen, (453,) is the standard 
1^ which the weights of other hodies are compared, and by 
BBCerteimng what a given bulk of any substance weighs in wa- 
ter, and then what it weighs in any other fluid, the compara- 
tive weight of water and this fluid will he known. For if, aa in 
tfie above example, a certain hulk of water weighs 253 grains, 
aod the same hulk of alcohol only 209 grains, then alcohol has 
a Bpecific gravity nearly one-fourth less than water. 

462. It is on this principle tiiat the hydrom- 
eter is constructed. It is composed of a bol- nn im 
low ball of glass, or metal, witJi a graduated 
Bcale rising from its upper part, and a weight 
OD its under part, which serves to balance it in 
the fluid. 

Such an instrument is represented by Fiff. 
103, of which B is the graduated scale, and A, 
the weight, the hollow ball being between 

463. To prepare this instrument for use, 
Trembts in grains, or half-grains, are put into 
ihe little cup. A, until the scale is carried down 
BO that a -certain mark on it coincides eiactly 
with the Bur&ce of the water. This mark, 
then, becomes the standard of comparison be- ByHnmeuT. 
tween water and any other liquid in which the 
Jiydrometer ia placed. 

464. If plunged into a fluid lighter than water, it will sink 
below the marE, and, consequently, the fluid will rise higher on 



^469, 



WhU 1i Ihs hytlromFlc 






kiuwn by thli InMniDuiil whtltin 



120 RIPHON. 

tho scale. K the fluid is heavier than water, the scale will 
above the surface in proportion, and thus it is ascertained in i 
moment wliethor any fluid has a greater or less speoific gravitf 
than water. 

To know precisely how much the fluid varies from the 
standard, the scale is marked off into degrees, which indicate 
grains by weight, so that it is ascertained very exactly how mndi 
the specific gravity of one fluid differs from that of another. 

465. Water being the standard by which the weights of 
other substances are compared, it is placed as the unit, or pdnt 
of comparison, and is, therefore, 1, 10, 100, or 1000, the 
ciphers being added whenever there are fractional parts ex- 
pressing the specific gravity of the body. It is always u]lde^ 
stood, therefore, that the specific gravity of water is 1 ; and 
when it is said a body has a specific gravity of 2, it is only 
meant that such a body is, bulk for bulk, twice as heavy » 
water. 

466. If the substance is lighter than water, it has a spedfie 
gravity of 0, with a fractional part. Thus, alcohol has a specific 
gravity of 0.809, that Is, 809, water being 1000. 

467. By means of Uiis instrument, it can be told with great 
accuracy how much water has been added to spirits, for the 
greater the quantity of water, the higher will the scale lise 
above the surface. 

Tho adulteration of milk with water, can also be readily de- 
tected with it, for as new milk has a specific gravity of 1032, 
water being 1000, a very small quantity of water mixed with 
it would be indicated by tlie instrument 

■ 
THE SIPHON. 

408. Take a tube bent like the letter U, and, having filled it 
with water, place a finger on each end, and in this state plunge 
one of the ends into a vessel of water, so that the end in the 
water shall be a little the highest ; then remove the fingers and 
tlie liquid will flow out, and continue to do so until the vessel 
is exhausted. 

469. A tube acting in this manner is called a siphon, and is 



Ado. What is the standard by which the weights of other bodies are oomparrd? 
What is the specific gravity of water 1 When it is said that the specific gravity of i 
body is 2, or 4, what meaning is intended to be conveyed? 4G6. If alcohol hail 
specific gravity of 809; wliat, in reference to this, is the specific gravity of vater? 
467. In what cases will the hydrometer detect fraud? 468. In what manner tea 
siphon made 1 469. Explain the reason why the water ascends through one l^of 
the siphon, and descends through the other 1 



mresented by .AV^. 104. The reason 
loliy the watw 8om from the end of 
9tB tube, A, and, consequently, ascends 
Qarough the other part, is, that there 
m. a greater weight of the fluid from B 
lo A, than from C to B, because the 
perpendicular height from B to A, is 
the greatest. The weight of the wa,ter 
from B to A, feUiog downward by its 
gravity, tends to form a vacuum, or 
yoid space, in that leg of the tube ; but 
the piesaure of the atmosphere on the 
water in the vessel, constantly forces 
die flaid up the other leg of the tube, 
to fill the void space, and thus the stream 
M any water remains in the vessel. 

470. Applieatitm cf Uu Siphon. — ^The 
in draining mines, when there is 
it may also be nsed to convey water over 
place where it is wanted is a foot or two lower than the fonni 




. iphon is emjilo^e^ 

BufBcient &11 in the vicinity: 

hill, provided tie 




For tiua purpose, let A be a spring, Fir;. 105, situated be 
hind a hilf and it is desired lo bring die water to B for family 
use. To do thix, a lead tube, with a stop-coclc at C, is carried 
over the hiU, having also a stopcock at each end. This done, 
and the two ends being closed, fill the two legs of the tube by 
pouring in water at C ; then C being closed, let one person open 
the stop-cock at B, and a moment after, open that at A, and 
the water will instantly begin to flow from the spring to the 
reservoir, and if C is kept closed, will continue to run so long 
as the fountain furnishes water. 

4m ExpUa fcr FlB- 1€6, bow lb* rfphon miiwji wU« oTtr s MIL 
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The principle of the siphon has been explained mder 
r%g. 104. 

INTERMrmNG SPRINGS. 

471. The action of the siphon depends upon the same prin- 
ciple as the action of the pump, namely, tno pressure oi tlie 
atmosphere, and, therefore, its explanation properly bdongs to 
Pneumatics. It is introduced here merely for the purpose of 
illustrating the phenomena of intermitting springs, a subject 
which belongs to Hydrostatics. 

Some springs, situated on the sides of mountains, flow, for a 
while, with great violence, and then cease entirely. After a 
time they begin to flow again, and then suddenly stop, as be- 
fore. These are called intermitting springs. Among ignonnt 
and superstitious people, these strange appearances have been 
atti*ibuted to witchcraft, or the influence of some supernatural 
power. But an acquaintance with the laws of nature will dis- 
sipate such ill-f6unded opinions, by showing that they owe their 
peculiarities to nothing more than natural siphons, existing in 
the mountains from whence the water flows. 

no. 106. 




Intermitting Spring. 



472. Fig, 106 is the section of a mountain and spring, show- 
ing how the principle of the siphon operates to produce the 
effect described. Suppose there is a crevice, or hollow, in the 
rock from A to B, and a narrow fissure leading from it, in 
the form of the siphon, B C. The water from the rills F E, 



471. What is an intermitting spring 1 472. How is the phenomenon of theioUr 
mitting spring explained 1 
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•fiUing the hollow, up to the line A D, it will then discharge 
itself through the siphon, and continue to run until the water 
is exhausted down to the leg of the siphon B, when it will 
oease. Then the water from the rills continuing to run until 
the hollow is again filled up to the same line, the siphon again 
begins to act, and again discharges the contents of the reservoir 
as before, and thus the spring P, at Ohe moment flows with 
great violence and the next moment ceases entirely. 

473. The hollow, above the line A D, is supposed not to bo 
filled with the waier at all, since the siphon begins to act when- 
ever the fluid rises up to the bend D. 

During the dry seasons of the year, ii; is obvious, that such a 
spring would cease to flow entirely, and would begin again only 
when the water from the mountain filled the cavity through 
the rills. \A 



CHAPTER VI. 

HYDRAULICS. 



474. It has been stated^ (^10>) ^^^ Hydrostatics is that 
branch of Natural Philosophy ^ which treats of the weighty pres- 
sure^ avid equilibrium of fluids^ and that Hydraulics ha^ for 
its object^ the investigation of the laws which regulate fluids in 
motion. 

If the pupil has learned the principles on which the pres- 
sure and equilibrium of fluids depend, as explained under the 
formes, article, he will now be prepared to understand the laws 
which govern fluids when in motion. 

475. The pressure of water downward, is in the same pro- 
portion to its height, as is the pressure of solids in the same 
direction. 

476. Suppose a vessel of three inches in diameter has a billet 
of wood set up in it, so as to touch only the bottom, and sup- 
pose the piece of wood to be three feet long, and to weigh nine 
pounds ; then the pressure on the bottom of the vessel will be 



472. Explain Fig. 106, and show the reason why such a spring will flow and cease 
to flow, alternately. 474. How does the science of Hydrostatics differ from that of 
Hydraudiesl 475. Does' the downward pressure of water differ from the downwaitl 
pressure of solids, in proportion 1 476. How is the downward presstire of water 
niustratedl 
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nina pounds. If anotlier billet of wood be set on tiaa, ol tlw 
ume dimensioDB, it will presB on its top with tbe w^^t rf 
nine pounds, and the pressure at the bottom will be ^it«D 

pounds, and if a like billet be set on this, the pressure at &e 
bottom will be twenty-seven pounds, and so on, in this ratio^ to 
auy height tlic culumn is carried. 

Now the pressure cf fluids is in the aanne proportion; and 
when confined in pipes, may be considered as one short column 
set on another, each of which increases the pressure of the 
lowest, in proportion to their number and height. 

477. If ft vessel, 
Fig. 107, be filled 
with water.Bud tlirve 
apertures be made 
in its side at E F G, 
the fluid will be 
thrown out in jets, 
foiling to the earth 
in the curved lines 
shown. The reason 
why these curves 
differ in shape, is, 
that the fluid is act- 
ed on by two forces, 
namely, the pres- 
sure ot the water 
above the jet, which produces its velodty forward, and the ac- 
tion of gravity, which impels it downward. It therefore ohm 
the same laws that soUds do when projected forward, and ituk 
down in curved lines, the shapes of which depend on their rela- 
tive velocities, (246.) 

478. The quantity of water disehai^d, being in proporilon 
to the pressure, when the orifices are the same, that discha^ed 
from each orifice will difler in quantity, according to the height 
of the water above it. 

479. It is found, however, that the velocity with which s 
vessel discharges its coutenls, does not depend entirely on tha 
pressure, but in part on the kind of orifice through which the 
liquid flows. It might be expected, for ii ' ' ' 
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sel of a ^ven capacity, with an orifice of, say an inch in diam- 
eter, -would part with its contents sooner than another of the 
same capacity and orifice, whose side was an inch or two thick, 
eince the friction through the tin might be considered much 
less than that presented by the other orifice. 

480. But it has been found, by experiment, that the tin ves- 
sel does not part with its contents so soon as another vessel, of 
the same height and size of orifice, from which the water flowed 
through a short pipe. And, on varying the length of these 
pipes, it is found that the most rapid discharge, other circum- 
stances being equal, is through a pipe, whose length is twice the 
diameter of its orifice. Such an aperture discharged 82 quarts, 
in the same time that another vessel of tin, without the pipe, 
discharged 62 quarts. 

481. This surprising difference is accounted for, by supposing 
that the cross currents, made by the rushing of the water from 
different directions toward the orifice, mutually interfere with 
each other, by which the whole is broken, and thrown into con- 
fusion by the sharp edge of the tin, and hence the water issues 
in the form of spray, or of a screw, from such an orifice. A 
short pipe seems to correct this contention among opposing 
currents, and to smooth the passage of the whole, and hence 
we may observe, that from such a pipe, the stream is round and 
well defined. ^ 

482. Proportion between the Pressure and the Velocity of 
Discharge. — K a small orifice be made in the side of a vessel 
filled with any liquid, the liquid will flow out with a force and 
velocity equal to the pressure which the liquid before exerted 
on that portion of the side of the vessel before the orifice was 
made. 

Now, as the pressure of fluids is as their heights, it follows, 
that if several such orifices are made, the lowest will discharge 
the greatest, while the highest will discharge the least quantity 
of the fluid. 

The velocity of discharge, in the several orifices of such a 
vessel, will show a remarkable coincidence between the ratio 
of increase in the quantity of liquid, and the increased ve- 
locity of a falling body. 



480. What circumstance, besides pressure, facilitates the discharge of water from 
an orifice 1 In a tube discnarginir water with the greatest velocity, what is the pro- 
I>ortion between its diameter and its length? What is the proportion between the 
quantity of fluid discharged through an orifice of tin and through a short plpel 481. 
How is this diiTerence explained 7 482. What are the proportions between the ve- 
locities of discbarge and the heights of the orifices, as above explained 1 
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483. Thus, if the tall veasel, Fig. 108, 
of equal dimen^ODs throughout, l>e filled 
with the water, and a email orifice be 
made at one inch Irom the top, or below 
the surface, as at 1 ; and another at 2, 4 
inches below this ; another at 9 inches ; 
a fourth at 16 inches ; and a fiiUi at 25 
inches ; then the velocities of dischat^, 
from these several orifices, will be iu pro- 
portion of 1, 2, 3, 4, 6. 

484. To make this more obvious, we 
will place the expressions of the several 
Telocitiea in the upper line of the following 
table, the lower numbers expressing the 
depths of the several orifices. 









i 
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'. I 1 I 4 I 9 I 16 I as I 36 I 49 i 64 I 61 I 100 I 



Thus it appears, as in fiilling bodies, that to produce a two- 
fold velocity a fourfold height is necessary. To obtain a three- 
fold velocity of discharge, a ninefold height is required, and £> 
a fourfold velocity, sixteen times the height, and so in this pro- 
portion, as shown by the table, (111.) 

In order to eatabhsh the fact, that the velocity wili whidi a 
liquid spouts from an orifice, is equal to the velocity which 
a body would acquire iu falling unobstructed irora the aur&ce 
of the liquid to the depth of the orifice, it is only necessary to 
prove the truth of the prindple in any one particular case. 

Now it is manifestly true, if the orifice be presented down- 
ward, and the column of fluid over it be of small height, then 
this indefinitely small column will drop out of the orifice by the 
mere efiect of its own weight, and, therefore, with the saiofl 
velocity as any other falling body ; but as fluids transmit jffea- 
sure in all directions, the same effect will be produced, whaierer 
may be the direction of the orifice. 



485. The rapidity with which water flows through pipes of 
the same diameter, is found to depend much on the natnra 

4S3, If In Fig. lOS. oriScrt tre madem Ihe dlsUiiice of 1.4, 9. Ifl. uridSS inchn bta 

§uppi>M 1 Ind tad K cisra lube, of iht »inc dUmttt r ; which wHI ds liver Ih/nnM 
quatltj of liquid in liw tan lime 1 Wby vil) > [lut lube deliver nuM T 
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cf their internal surfaces. Thus a lead pipe, with a smooth 
aperture, under the same circumstances, will convey much more 
'Water than one of wood, where the surface is rough, or beset 
irith points. In pipes, even where the surface is as smooth as 
glass, there is still considerable friction, for in all cases, the wa- 
ter is found to pass more rapidly in the middle of the stream 
than it does on the outside, where it rubs against the sides of 
the tube. 

486. The sudden turns, or angles of a pipe, are also found to 
be a considerable obstacle to the rapid 'conveyance of the water, 
for such angles throw the fluid into eddies or currents by which 
its velocity is arrested. 

In practice, therefore, sudden turns are generally avoided, and 
where it is necessary that the pipe should change its direction, 
it is done by means of as large a circle as convenient. 

48V. Water in Pipes, — Where it is proposed to convey a 
certain quantity of water to a considerable distance in pipes, 
there will be a great disai)pointment in respect to the quantity 
actually delivered, unless the engineer takes into account the 
friction, and the turnings of the pipes, and makes large allow- 
ances for these circumstances. If the quantity to be actually 
delivered ought to fill a two-inch pipe, one of three inches will 
not be too great an allowance, if the water is to be conveyed to 
any considerable distance. 

In practice, it will be found that a pipe of two inches in diam- 
eter, one hundred feet long, will discharge about five times as 
much water as one of one inch in diameter of the same length, 
and under the same pressure. 

488. This difference is accounted for, by supposing that both 
tubes retard the motion of the fluid, by friction, at equal dis- 
tances from their inner surfaces, and consequently that the effect 
of this cause is much greater in proportion, in a small tube, 
than in a large one. 

489. Flovnng of Rivers, — The effect of friction in retarding 
the motion of fluids is perpetually illustrated in the flowing of 
rivers and brooks. On the side of a river, the water, especially 
where it is shallow, is nearly still, while in the middle of a 
stream it may run at the rate of ^vq or six miles an hour. For 
the same reason, the water at the bottoms of rivers is much less 



4fl6. What is said of the sudden turnings of a tube, in retarding the motion of the 
fluid 1 487. How much more water will a two-inch tube of a hundred feet long dis- 
charge, than a one-inch tube of the same length? 488. How is this difference ac- 
counted for T 489. flow do rivers show the eflfect of friction in retarding the motion 
of their waters 1 
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rapid than at the wifiiee. Tbb is often proved by the obliqi 

position (^ lloating sulMtBDccB, which ■- -*■" — ' '^ 

a vertical directioD. 

Thus, suppose the stick of wood E, 
Fit). 109, to be loaded at one end with 
lead, of the same diameter as the wood, 
80 as to make it stand upright in still 
water. In the current of a river, wliere 
the lower end nearly reaches the bottom, 
it will iDcliue as in ths fignre, because 
the water is more rapid toward the 
surface tban at tlie bottom, and hence 
the tendency of the upper end to move 
fiiater than the lower one, gives it an 
inclination forward. 




400, The common putnp, though a hydraulic machine, de- 
pends on the pressure of the atmosphere for its e&ct, and there- 
lore its explanation cornea properly under the article Fnenmatieh 
wheip the consequences of atmospheric pressure will be illus- 
trated. 

Such machines only as raise water without the asraitance of 
the atmosphere, come property under the present article. 

*91. Archimedes' Screw. — Among these, one of the mat 
curious, as well as ancient machines, is the »trvw of Ar^himtda, 
and which was invented by that celebrated philosopher, two 
hundred years before the ChHsti^in era, and then employed for 
raising water, and draining land in £gypt. 

492. It consists of a tube, made of lead, or strong leather, 
coiled round a cylinder of wood or iron, as represented by f^. 
110. It has a support nt each end, turning on gudgeona, the 
upper end being sometiraca furnished with cog-wheels to give s 
more easy and rapid motion. Both ends are open, the lower 
one being placed so far under the water as not to allow the 
orifice to come above the surface in turning ; the other dis- 
charges the water in an uiiinterru]ited stream. 

493. The angle at which these machines work depends on 
the manner of winding the tube ou the cylinder ; that is, 



.K 



in Pin. 109. 49a WlMt !■ nid n( 



KAIBIMO WATER. 




whether the folds touch each other, or are at a distance apart, 
fiir it is obvious that if tbe tube passes ooly a few times sround 
the support, this must be in nearly a horizontal position to act; 
but if the folds nearly toucli, as in the figure, it may b« placed 
at an angle of about 50° with the horizon. It will be apparent 
that the direction of each fold must be toward the horizon, aa 
the screw turns, otherwise tho water would not run. Tliis is 
ahowD by the figure. Tliis machine, as above stated, is a very 
ancient invention, but has been re-inventcd in modem times, and 
employed in most parts of Europe. 

It has been constructed in various ways besides tliat here 
represented. One was, to cut a spiral ^'oove in a lai^e log of 
wood, and cover this nitb metal, leather, or boards, so aa to 
make it bold the water. Tlie screw being thus sunk into the 
wood, instead of being on the outside, as commonly represented. 

494. When it was necessary to raise the water to a great 
height, a series, one obliquely above the other, were employed, 
platforms being constructed, with vessels to contain the water, 
the lower end of the second screw taking that which was eleva- 
ted by the first; the third receiving that carried up by the 
second, and so on. At present we believe this engine is no 
where used except as a curiosity, there being better means of 
raising water. 

4B5. This principle is readily illustrated by winding a piece 
of lead tube round a walking-stick, snd then turning the whole 
with one eiid in a dish of water, aa shown in tbe figure. 

[hia by ihli miBliIUOI 4BS. How B> — •"■- 
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Theory of Archimedes' Screw, — 'By the following cat snd 
explanation, the manner in which this machine acts will be un- 
derstood. 

496. Suppose the KG. ill. 
extremity 1, Fig, 111, 
to be presented up- 
ward, as in the figure, 
the screw itself being 
inclined as represent- 
ed. Then, from its 
peculiar form and po- 
sition, it is evident, 
that commencing at 
1, the screw will de- 
scend until we arrive 

at a certain point, 2 ; in proceeding from 2 to 3, it will ascend. 
Thus, 2 is a point so situated that the parts of the screw od 
both sides of it ascend, and therefore if any body, as a ball, 
were placed in the tube at 2, it could not move in either direc- 
tion without ascending. Again, the point 3 is so situated, that 
the tube on each side of it descends ; and as we proceed we 
find another point, 4, which, like 2, is so placed, that the tube 
on both sides of it ascends, and, therefore, a body placed at 4, 
could not move without ascending. In like manner, there is a 
series of other points along the tube, from which it either de- 
scends or ascends, as is obvious by inspection. 

Now let us suppose a ball, less in size than the bore of the 
tube, so as to move freely in it, to be dropped in at 1. As the 
tube descends from 1 to 2, the ball of course will descend down 
to 2, where it will remain at rest. 

Next, suppose the ball to be fastened to the tube at 2, and 
suppose the screw to be turned nearly half round, so that the 
end 1 shall be turned downward, and the point 2 brought to 
the highest point of the curve 1, 2, 3. 

497. The last movement of the spiral, it is evident, would so 
change the positions of the ascending and descending parts, as 
to continue the motion upward, but it must be remembered 
that the water difiers from the ball used for illustration, in hav- 
ing a constant pressure downward, and consequently upward, 
and that the ascent of the water depends on diis property of 
the action of fluids. 



496. Explain the manner tn which a ball would ascend, Fig. Ill, hj tarninf Um 
•Brew. 497. Ou what property of fluids does the asccut of the water depend I 
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498. Barker's Mill. — For tlie difierent modes of applying 
water as a power for driving mills, and other useful purposes, 
w6 must refer the reader to works on practical mechanics. 
There is, however, on^ method of turning machinery by water, 
invented by Dr. Barker, which is strictly a philosophical, and, 
at the same time, a most curious invention, and therefore is 
properly introduced here. 

This machine is called Barker's 
centrifugal mill^ and such parts 
of it as are necessary to understand 
the principle on which it acts are 
represented by Fig, 112. 

The upright cylinder A, is a 
tube which has a funnel-shaped 
mouth for the admission of the 
stream of water from the pipe B. 
This tube is six or eight inches in 
diameter, and may be from ten to 
twenty feet long. The arms, N 
and O, are also tubes communica- 
ting freely with the upright one, 
from the opposite sides of which 
they proceed. The shaft D is 
firmly &stened to the inside of 
the tube, openings at the same 
time being left for the water to 
pass to the arms O and N. The 
lower part of the tube is solid, 
and turns on a point resting on a block of stone or iron, C. 
The arms are closed at their ends, near which are the orifices 
on the sides opposite to each other, so tliat the water spouting 
from them will fly in opposite directions. The stream from the 
pipe B, is regulated by a stop-cock, so as to keep the tube A 
constantly full without overflowing. 

409. To set this engine in motion, nothing is required but 
the force of the water, which being let in by the pipe, descends, 
and spouting from the opposite orifices, the motion immediately 
begins, and if the main tube is of sufficient length, and kept full 
of water, it will in a few minutes acquire a whirling velocity 
which will astonish any one who has not before seen this curious 
machine. 




Centrifugal MilL 



406. DeMrllM Barker't eentrifasal mill. Fig. 112. 499. How Is this miU wt in 
motion 1 
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600. With respect to the theory of its motion, Euler, Greg- 
ory, Brande and others, have written ; and it was formerly sup- 
posed to depend in part on the resistance of the atmoephete, 
but on trial it is said to revolve most rapidly in a vacnum. It 
is therefore difficult to explain very clearly on what its mdioo 
does depend. Dr. Gregory says, ** In this machine the watar 
does not act by its weight, or momentum, but by its centrifngil 
force, and the reaction that is produced by the flowing of the 
water on the point immediately behind the orifice of discharge.^ 
Dr. Brande says, *^ The resistance, or reaction generated by the 
water issuing from the holes, is such as to throw the vertical 
pipe with its arms and axis into rapid rotatory motion." 

A model of the running part of this mill may be made by 
any tinner, for a few shillings, and may be kept in constant mo- 
tion, as a cimosity, by the waste water from the water ram de- 
scribed a few pages hence. The shaft may be from two- to four 
feet in length, and an inch or two in diameter, the arms being 
one-half or one-third this size. The orifices in the arms must 
be small, otherwise too much water will be required, the quan- 
tity discharged being much greater than might be supposed. 

After a few revolutions, the machine will receive an addi- 
tional impulse by the centrifugal force generated in the arms, 
and in consequence of this, a much more violent and rapid dis- 
charge of the water takes place, than would occur by the pressure 
of that in the upright tube alone. The centrifugal force, and the 
force of the discharge thus acting at the same time, and each in- 
creasing the force of the other, this machine revolves with great ve- 
locity and proportionate power. The friction which it has to 
overcome, when compared with that of other machines, is very 
shght, being chiefly at the point C, where the weight of the 
upright tube and its contents is sustained. 

By fixing a cog-wheel to the shaft at D, motion may be givan 
to any kind of machinery required. 

Where the quantity of water is small, but its height consid- 
erable, this machine may be employed to gi*eat advantage, it 
being under such circumstances one of the most powerful engines 
ever invented, j. 

CHAIN rUMP. 

601. The principle of this machine is ancient, but instead of 
flat boards, as in Fig. 113, pots, or deep buckets, were em- 



coo. What is the theory of Barker's mill ? 501. What is said of tlie antiqaityand 
use of the chaia-pump 1 Describe the construction and action of this machine. 
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Let a ray pass toward a mirror in the line A C, I^. 176, it 
will be reflected off in the direction C D, making the an^ 1 
and 2 exactly equal. 

The ray A C, is called the incident ray, and the ray C D, 
the reflected ray ; and it is found, in all cases, that whatever 
angle the ray of incidence makes with the reflecting suifiuK, (u 
with a perpendicular line drawn from the reflecting suHaoe, ex- 
actly the same angle is made by the reflected ray. 

25. From these facts, arises the general law in optics, that 
the anffle of reflection is equal to the angle of incidence. 

The ray A C, Fig, 177, is the ray of incidence, and tJut 
from C to D, is the ray of reflection. The angles which A C, 
make with the perpendicular line, and with the plane of the 
mirror, are exacUy equal to those made by C D, with the same 
perpendicular, and the same plane surface. . 

MTRRORS. 

26. Mirrors are of three kinds, namely , plane, convex, and 
concave. They are made of polished metal, or of glass cavertd 
on the hojcJc with an amalgam of tin and quicksilver. 

Plane Mirror. — The common looking-^lass is a plane mi^ 
ror, and consists of a plate of ground glass so highly polished 
as to permit the rays of light to pass through it with little in- 
terruption. On the back of this plate is placed the reflecting 
surface, which consists of a mixture of tin and mercury. The 
glass plate, therefore, only answers the purpose of sustaining the 
metallic surface in its place, — of admitting the rays of light to 
and from it, and of preventing its surface from tarnishing, bj 
excluding the air. Could the metallic surface, however, be re- 
tained in its place, and not exposed to the air, without the glass 
plate, these min-ors would be much more perfect than they are, 
since, in practice, glass can not be made so perfect as to trans- 
mit all the rays of light which fall on its surface. 

27. When applied to the plane mirror, the angles of incidence 
and of reflection are equal, as already stated ; and it therefore 
follows, that wjjen the rays of light fall upon it obliquely in one 
direction, they are thrown off under the same angle in the op- 
posite direction. 



What is an iDcident ray cf light 7 What is a reflected ray oflight 7 25. What gen- 
eral law in optics results from observations on the incident and reflected raysl 26. 
How many kinds of mirrors are there ? What kind of mirror is the common look- 
ing-glafis t Of what use is the glass plate in the construction ot this mirror 1 27. Ex- 
plain Fig 178, and show how the image of an object can be Been in a pluie mirror 
"When the real object is invisible. 
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Equal Angles. 



This k tiie reason why the images of ^^' ^^ 

objects can be seen when the objects 
themselves are not visible. 

Suppose the mirror, A B, Fig. 178, 
to be placed on the side of a room, and 
a lamp to be set in another room, but 
so situated as that its light would shine 
upon the glass. The lamp itself could 
not be seen by the eye placed at £, be- 
cause the partition D is between them ; 
but its image would be visible at E, be- 
cause the angle of the incident ray, 
coming from die light, and that of the 
reflected ray which reaches the eye, are equal. 

28. An image from a plane mirror appears to he just as far 
behind the mirror, as the object is before it, so that when a per- 
son approaches this mirror, his image seem^s to come forward to 
meet him ; and when he withdraws from it, his image appears 
to he moving backward at the same rate* 

I^ for instance, one end of a rod, two feet long, be made to 
touch the surface of such a mirror, this end of the rod, and its 
image, will seem nearly to touch each other, there being only 
the thickness of the glass between them ; while the other end 
of the rod, and the other end of its image, will appear to be 
equally distant from the point of contact 

29. The reason of this is ex- 
plained on the principle that the 
angle of incidence and that of 
reflection are equal. 

Suppose the arrow A to be 
the object reflected by the mir- 
ror D C, Fig, 1Y9 ; the incident 
rays A, flowing from the end of 
the arrow, being thrown back 
by reflection, will meet the eye 
in the same state of divergence 
that they would do, if they pro- 
ceed to the same distance be- 
hind the mirror, that the eye is 

before it, as at O. Therefore, by the same law, the reflected 
rays, where they meet the eye at E, appear to diverge from a 



no. im 




PUmt Mirror. 



2a The image of an object appears just as far behind a plane mirror, as the object 
Is before it ». Ejcplain Fig. 179, and show why this is the case. 
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point H, just as far behind the mirror aa A is before it, Hi' 
consequently the end of the arrow most remote from theriM 
will appear to be at H, or the point where the approaadng 
rays would meet, were they continued onward behind thegiaHb 
The rays flowing from every other part of the arrow follow the 
same law ; and thus every part of the image seems to be it 
the same distance behind the mirror that the object really ii 
before it 

30. In a plane mirror^ a person may see his whole magt, 
when the mirror is only half a^ long as himself^ let Mm sUmd 
at any distance from it whatever. 

This is also explained by the law, that the angles of incideDoe 
and reflection are equal. If the mirror be elevated so that the 
ray of light from the eye falls perpendicularly upon the nuiror, 
this ray will be thrown back by reflection in the same directioD, 
so that the incident and reflected ray by which the image of 
the eyes and face are formed, will be nearly parallel, while tbe 
ray flowing from his feet will fall on the mirror obliquely, aad 
wUl be reflected as obliquely in the contrary direction, and bo 
of all the other rays by which the image of the different ptrti 
of the person is formed. 

This will be under- 
stood by Fiff, 180, 
where the ray of light 
A B, proceeding from 
the eye, falling perpen- 
dicularly on the plane 
mirror B D, will be re- 
flected back in the same 

line ; but the ray C D Mirror half the Length qfthe O^ett, 

coming from the feet, 

which falls obliquely on the mirror, will be reflected back under 
the same angle in the line DA; and since we see objects is 
the direction of the reflected rays, and the image appears at the 
same distance behind the mirror that the object is before it, 
(28,) we must continue the line A D to the feet, E, and for the 
same reason, the rays A B, from the eye, must be prolonged to 
F, as far behind the mirror as the line E extends, where the 
whole image will be represented. 

Now, the line D E, behind the mirror, is just equal to D A 




30. What must be the comparative length of a plane mirror in whicha perwui ■» 
aee his whole image ? Explain, by the lines in Fig. 180, why it is that a ladj imtm 
herself in a mirror one half her length. 
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no. 181. 
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it ; and tiie distance of A C is just twice that of B D ; 
iMorefore, the whole person is seen in a mirror of half its length, 
lie image being as far behind the reflector as the object is 
lefbre it. 

; 31. A shorter mirror would not show the whole person, be- 
aanse the rays coming from the feet would &11 so obHquelj upon 
t»a8 to be reflected above his head, and thus could not be seen ; 
vat another placed there might see the whole image, though 
dbe owner could not. 

i 82. Convex Mirror. — A con- 
fex mirror is a part of a sphere^ 
9r globe^ reJUcHng from the out- 
tide, 

. Suppose Fig, 181 to be a 
sphere, then the part from A to O, 
irould be a section of the sphere. 
Any part of a hollow ball of glass, 
with an amalgam of tin and quick- 
silver spread on the inside, or any 
part of a metallic globe polished 
0D the outside, would form a con- 
vex mirror. 

The cms of a convex mirror, is a line, as 6, passing through- 
its center. 

83. Divergent and Convergent 
Rays, — Rays of light are said to 
diverge, when they proceed from 
the same point, and constantly re- 
cede from each other, as from the 
point A, Fig. 182. Rays of light 
are said to converge, when they 
approach in such a direction as 
finally to meet at a point, as at B, Fig. 182. 

The image formed by a plane mirror, as we have already 
seen, is of tibie same size as the object, but the image reflected 
from the convex mirror is always smaller than the object 

The law which governs the passage of light with respect to 
the angles of incidence and reflection, to and from the convex 
mirror, is the same as already stated, for the plane mirror. 

34. From the surface of a plane mirror, parallel rays are re- 



Ckmves Mirror, 



FIG. 182. 




Ray8 of Light. 



31. Why can uot a person see his whole figure in a mirror less than half his length 7 
82. What is a convex mirror? What is the axis of a convex mirror 1 33. What are 
diverging rays % What are converging rays 1 What law governs the passage of lighl 
from and to the convex mirror 7 
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Single Micro9cope. 

seen distinctly, and B, the distance at which the same object is 
seen through the lens, and suppose the distance of A from the 
eje, be twice that of B. Then, because the object is at half the 
distance that it was before, it will appear twice as large ; and 
had it been seen one-third, one-ft>urth, or one-tenth its former 
distance, it would have been magnified three, four, or ten times, 
and consequentlj its surface would be increased 9, 16, or 100 
times. 

The most powerful single microscopes are made of minute 
gfebules of glass, which are formed by melting the ends of a 
few threads of spun glass in a flame of alcohol. Small globules 
of water placed in an orifice through a piece of tin, or other 
thin substance, will also make very powerful microscopes. In 
tlieae minute lenses, the focal distance is only a tenth or twelfth 
part of an inch from the lens, and therefore the eye, as well 
as the object to be magnified, must be brought very near the 
instrament. 

81. Compound Micboscopb. — ^This consists of two convex 
lenses, by one of which the image is formed within the tube of 
the instrument, and by the other this image is magnified as 
seen by the eye ; so that by this instrument the object itself is 
not seen, as with the single microscope, but we see only its 
magnified image. 

The small lens placed near the object, and by which its image 
is formed within the tube, is called the object glass, while the 
Uu^r one, through which the image is seen, is called the 
eyeffkiss. 

This arrangement is represented at Fig, 218. The object A 
is placed a little beyond the focus of the object glass B, by which 
an inverted and enlarged image of it is formed within the in- 

81. How many lensew form the compound microscope 1 Which is the object, and 
wbich the eyeclass? Is the object seen with this instrament, or only its image) 
Kzplaio Fig. 218, and show where the image is formed in this tube. 
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Bame maimer as a plane mirror, and the whole, in the man- 
of a number of minute mirrors inclined from each other. 
Suppose A and B, Fig, 184, to be the points on a convex 
^anirtor, from which the two parallel rays, C and D, are reflected. 
^STow, from the surface of a plane mirror, the reflected rays 
"would be parallel, whenever the incident ones are so, because each 
will fall upon the sur&ce under the same angles. But it is ob- 
vious, in the present case, that these rays fall upon the surfaces, 
A and B, under difiierent angles, as respects the surfaces, C ap- 
proaching in a more oblique direction than D ; consequently C 
» reflected more obliquely than D, and the two reflected rays, 
instead of being parallel as before, diverge in the direction of N 
andO. 

FIG. 181. FIG. 186. 




PUuM Surface. Convergent. 

Again, the two converging rays A and B, Ftp, 1 85, without 
the interposition of the reflecting sur&ces, would meet at C, but 
liecause the angles of reflection are equal to those of incidence, 
and because the sur&ces of reflection are inclined from each 
other, these rays are reflected less convergent, and instead of 
meeting at the same distance before the mirror that C is behind 
it, are sent off* in the direction of D, at which point they meet 

86. " Tlius parallel rays falling on a convex mirror^ are ren- 
dered divergent hy reflection ; converging rays are made less 
convergent, or parallel, and diverging rays more divergent. 

The effect of the convex mirror, therefore, is to disperse the 

86. MHiat effect does the convex mirror have apon parallel rays by reflection % 
What is its eflVct on conTerning rays 1 What is its effect on diveriring rays 1 Do the 
rajs of Il|iit proceed only from the extremities of objects, as represented in figures, 
or from all their parts 1 Do all the rays of light proceeding from an otgect enter the 
eye, or only a few of them ? 
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rays of light in all directions ; and it is proper here to noU 
the pupil, that although the rays of light are repreaented m 
paper by single lines, there are, in £ict, probably nuffion d 
rays, proceeding from every point of all visible bodies. Oolyi 
comparatively small number of these rayB, it is true, can enlff 
the eye, for it is only by those which proceed in straight fimi 
from the different parts of the object^ and enter the papil, AA 
the sense of vision is excited. 

3*7. When, therefore, it is said, that the convex minor fr 
pcrscs the rays of light which fall upon it from any object, td 
when the direction of these reflected rays are shown aaly If 
single lines, it must be remembered, that each line jemwsM 
pencils of rays, and that the light not only flows from the pod 
of the object thus designated, but from all the other pttti» 
Were this not the case, the object would be visible only at oeh 
tain points. 

38. Curved Images. — The images of obfeets reflected fm 
the convex mirror^ appear curved^ because their dijferent parii 
are not equally distant from its surfaxx. 

If the object A be placed 
obliquely before the convex ^®* ^*- 

mirror, Fig, 186, then the 
converging rays from its two 
extremities falling obliquely 
on its surface, would, were 
they prolonged through the 
mirror, meet at the point C, 
behind it But instead of 
being thus continued, they 
are thrown back by the mir- 
ror in less convergent lines, which meet the eye at E, it being, 
as we have seen, one of the properties of this mirror, to reflect 
converging rays less convergent than before. 

Tlie image being always seen in the direction from which the 
rays approach the eye, it appears behind the mirror at D. If 
the eye be kept in the same position, and the object, A, be 
moved further from the mirror, its image will appear smaller, 
in a proportion inversely to the distance to which it is removed. 
Consequently, by the same law, the two ends of a straight ob- 
ject will appear smaller than its middle, because they are further 

37. What would be the consequence, if the rays of light proceeded odIt from (be 

Sarts of an object shown in diagrams? 38. Why do the images of objects redectcil 
'om convex mirrors appear curved? Why do the features of the face appear oat 
of proportion by this mirror? 




Curved Imagt, 
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lAie reflecting surface of the mirror. Thus, the images of 
light objects, held before a convex mirror, appear curved, and 
the same reason, the features of the face appear out of pro- 
ion, the nose being too large, and the cheeks too small, or 
►w. 
^^"189. Why Objects appear Large or Small, — Objects appear to 
prlaige or small, in proportion to the angle which the rays of 
rht, proceeding fix)m their extreme parts, form, when they 
5t at the eye. For it is plain that the half of any object will 
ir under a less angle than the whole, and the quarter 
a less angle still. Therefore the smaller an object is, the 
Upaller will be the angle under which it will appear at a given 
Huftance. ffence the image of an object^ when reflected from the 
\Smv€X mirror, appears smaller than the object itself This will 
Ito understood by Pig. 187. 

Suppose the rays flowing from the extremities of the object 
j!^ to be reflected back to C, under the same degrees of con- 
Tsrgence at which they strike the mirror ; then, as in the plane 
mirror, the image D would appear of the same size as the ob- 
ject A; for if the rays from A were prolonged behind the 
mirror, they would meet at B, but forming the same angle, by 
reflection, that they would do, if thus prolonged, the object seen 
from B, and its image from 0, would appear of the same 
dimensions. 

FIG. 188. 




Object Diminish^. Convex Mirror. 

But instead of this, the rays from the arrow A, being rendered 
less convergent by reflection, are continued onward, and meet 
the eye under a more acute angle than at C, the angle under 
which they actually meet, being represented at E, consequently 

99. Why does an imaffe reflected from a convex sorface appear smaller than the 
otject 1 why does the half of an object appear to the eye Bmalfer than the whole 1 
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the image of the object is shortened in proportion to the aeote- 
ncss of thiA angle, and the object appears diminished as icpn- 

Rcnted at O.V V^ 

40. The mage of an object appears less^ as the object tsrv- 
moved to a greater distance from a convex mirror. 

To explain this, let us suppose that the arrow A, Fig. 188, 
is diminished by reflection from the convex surface, so thatiti 
image appearing at D, with the eye at C, shall seem as iniidi 
sm«iTler in proportion to the object, as D is less than A. Now, 
keeping the eye at the same distance from the mirror, withdmr 
the object, so that it shall be equally distant with the eye, and 
the image will gradually diminish, as the arrow is removed. 

The reason will be made plain by the next figure ; for as thi 
arrow is moved backward, the angle at C, Fig. 189, must be 
diminished, because the rays flowing from the extremities of thi 
object fall a greater distance before they reach the sur&oe of 
the mirror ; and as the angles of the reflected rays bear a pro- 
portion to those of the incident ones, so the angle of vision wiD 
become less in proportion, as the object is withdrawn. Hh 
eflect, therefore, of withdrawing the object, is first to lessen tha 
distance between the converging rays, flowing from it, at the 
point where they strike the mirror, and as a consequence, to 
diminish the angle under which the reflected rays convey its 
image to the eye. 

41. Why the Image seems near the Surface. — In the plans 
mirror, as already shown, the image appears exactly as far be- 
hind the mirror as the object is before it, but the convex minw 
shows the image just under the surface, or, when the object is 
removed to a distance, a little way behind it. To understand 
the reason of this difference, it must be remembered, that the 
plane mirror makes the image seem as far behind, as the object 
is before it, because the rays are reflected in the same relative 
pasition at which they fall upon its surface. Thus parallel rajs 
are reflected parallel; divergent rays equally divergent, and 
convergent rays equally convergent. But the convex mirror, as 
also above shown, (36,) reflects convergent rays less convei^nt, 
and divergent rays more divergent, and it is from tliis property 
of the convex mirror that the image appears uear its surikoe, 



40. How is the imaire affpcted when the object is withdrawn from the stir&eenf • 
convex mirror 1 Explain Fifrs. 187 and 1^ and ohow the reanin why ih«> imifeitn 
diminished when the objects are removed from the convex mirror. 'What hi niri M 
be the effect of withdrawini; the object from a convex surface, and what the coaf^ 
quence on the angle of reflected rays 7 41. Explain the reason why the ioufe if 
pears near the surface of the convex mirror. 
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tliAt diverging rays are rendered parallel hj refraction through ■ 
convex lens. Tho rays, therefore, paas parallel to the next leu 
C, by which they are made to converge, and cross each other, 
and thus tlie image is inverted, and made to assume the oiiginil 
position of the object 0. Lastly, this image, being in the fbcu 
of the eyeglass D, is seen in the natural position. 

The apparent magnitude of the object is not changed by these 
two additional glasses, but depends, as ia Fiff. 220, on the mag- 
nifying power of the eye and object lenses ; these two glasNS 
being added merely for the putpose of making the image «p- I 
pear erect. -yfC ' 

86. Ebi^kotino Teiebcopk. — The common reflecting tel^ 
scope consists of a fai^ tube, containing two concave reflecting 
mirrors, of different siiies, and two eyeglasses. The olgect £ 
first reflected from the large mirror to the stnall one, and from 
the small one, through the two eyeglasses, where it is then seen. 

In comparing the advantages of the two instruments, it need 
only be stated, that the refracting telescope with a focal length 
of a thousand feet, if it could be used, would not magnify dis- 
tinctly more than a thousand times, while a reflecting belescope, 
only eight or nine feet long, will magnify with distinctnen 
twelve hundred times. 

The principle and construction of the reflecting telescope will 
be understood by Ftff. 223. Suppose the object O to be at 
such a distance, that the rays of light from it pass in parallel 
lines, P P, to the great reflector, R R. This reflector being 
concave, the rays are convei^ed by reflection, and cross each 
other at A, by which the image is inverted. The rays then 
pass to the small mirror, B, which being also concave, Aey are 
thrown back in nearly parallel lines, and having passed the 

■dnntagn of ifi* rtflKUiw nier Uic nfratling lelcKope) £ipl^n Fi(.233,ud 
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FIG. 223. 
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Ejecting Teieacope. 

aperture in the center of the great mirror, fall on the plano- 
convex lens E. By this lens they are refracted to a focus, and 
cross each other between E and D, and thus the image is again 
inverted, and brought to its original position, or in the position 
of the object. The rays then passing the second eyeglass, form 
the image of the object on the retina. 

The large mirror in this instrument is fixed, but the small 
one moves backward and forward, by means of a screw, so as to 
adjust the image to the eyes of different persons. Both mirrors 
are made of a composition, consisting of several metals melted 
together. 

87. One great advantage which the reflecting telescope pos- 
sesses over the refracting, appears to be, that it admits of an 
eyeglass of shorter focal distance, and, consequently, of greater 
inagnif3nng power. The convex object glass of the refracting 
instrument, does not form a perfect image of the object, since 
some of the rays are dispersed, and others colored by refraction. 
This difficulty does not occur in the reflected image from the 
metallic mirror of the reflecting telescope, and consequently it 
may be distinctly seen, when more highly magnified. 

The instrument just described is called " Gregory's telescope^^ 
because some parts of the arrangement were invented by Dr. 
Gregory. 

88. HerscheVs Telescope. — In Dr. Herschel's grand telescope, 
the largest then constructed, the reflector was 48 inches in 
diameter, and had a focal distance of 40 feet. This reflector 
was three and a half inches thick, and weighed 2000 pounds. 
Now, since the focus of a concave mirror is at the distance of 
one-half the semi-diameter of the sphere, of which it is a sec- 



87. What is the advantage of the reflecting telescope in respect to the eyeglass i 
8S. What was the focal distance and diameter of the mirror in Dr. Herschel's great 
telescope 1 Where is the largest Herschel's telescope now in existence ? What ia 
tlM diameter and focal distance of the reflector of this telescope 1 
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^^ 5. Principal Focus. ™»- ^^ 

' ^In concave mirrors, of 
'1^ dimenfiions, the re- 
^;^$ected rays follow the 
*" tame laW ; that is, par- 
_aUel rays meet and cross 
'^L Sftdi other at the dis- 
'^: timce of one-fourth the 
• diameter of the sphere 
of which they are sec- 
, tions. This point is call- 
ed the principal focus 
€^ the reflector. 

But if the incident 

lajB are divergent, the Foeu$ tf a Coneace Mirror. 

fbcoB will be removed 

to a greater distance from the surface of the mirror, than when 

they are parallel, in proportion to their divergence. 
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Divergent Bojf^. 



Convergent Raye. 



This might be inferred from the general laws of incidence and 
reflection, but will be made obvious by Fig. 193, where the 
divei^g rays 1, 2, 3, 4, form a focus at the point O, whereas, 
had mey been parallel, their focus would have been at A. That 
lA, the actual focus is at the center of the sphere, instead of be- 
ing half way between the center and circumference, as is the 
case when the incident rays are parallel. The real focus, there- 
fore, is beyond, or without, the principal focus of the mirror. 



46. What is the principal focus of a concave mirror 1 If the Incident rays are dl- 
rerfteut, where will be the focus 7 If the incident rays are convergent, where will be 
ttte focus 1 
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position by means of spirit levels. The crucibles were 10 hours 
m the furnace before the metal was sufficiently fluid to cast. 
The speculum weighed 3 tons — ^lost one-eighth of an inch in 
thickness by grinding.^ 

Grinding. — The grinding was conducted under water, the 
moving power being a steam-engine of 3 horse j>ower. The 
grinder is of cast iron with grooves in its face to retain the emery, 
and the two faces having a mutual motion, both became per- 
fect, whatever might have been their inequalities. The ])olish- 
iDg was done by means of a thin layer of pitch spread on the 
grinder, on which rouge was smeared in the form of paste with 
water. This process took six hours. 

Constnietion of the Tube, — ^The tube is 50 feet long, made 
of boards and hooped with iron. On the inside at intervals of 
8 feet, are iron rings to support the boards. Its diameter is 7 
feet, the whole being easily moved in any direction by means 
of pulleys and levers, a universal joint at the lower end being 
de sign ed for this purpose. 

Wall of Support, — At a distance of 12 feet, on each side of 
the instrument is a brick wall, 72 feet long, 48 high on the out- 
nde, and 56 on the inside, ranging exactly on the meridianal 
line. These walls have rods of iron and wood passing from one 
to the other, for the support of the telescope, as it is turned in 
different directions. 

The weight of the speculum and tube, including that of the 
bed on which it is sustained, is about 15 tons. 

This being a reflecting telescope, the observer stands in a 
gallery at the upper end, and looks into the side of the great 
tube, where the observations are made by means of a reflecting 
sarfaoe of 4,071 square inches, while Herschel's great reflector 
had a sur&ce of only 1,811 square inches. 

Tte cost of this wonder of the age is 60,000 dollars. 

De9cripti(m of the Figure, — The following description of a 
section of Lord Rosse's telescope. Fig. 224, though not so per- 
fect as could be desired, is the best we could obtain. It ex- 
kibits a view of the inside of the eastern wall, with the tube, 
and machinery by which it is moved. A is the mason-work on 
the ground ; B the universal joint, which allows the tube to 
turn m all directions ; C the speculum in the tube ; E the eye- 
jaece through which the observer looks ; F a pulley by which 
the tube is moved ; H a chain attached to the pulley, and to 
tihe side of the tube ; I a chain running to K, the counterpoise; 
L a lever connecting the chain M with the tube ; Z another 
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chdn which pssses from the upper part of the tube over a pul- 
ley ttt W, (not seen,) and crusses to the opposite wall ; X ■ 
railroad on which the speculum is drawn either to or from the 
tube. The dotted line H, shows the couise of the weight R, u 
the tube rises or falls. The tube is moved from wall to "all 
by a ratchet wheel at R, which is turned by the lever O, on lie 
circle N, the ends of which are fixed in the two walls. )•* 

91. Cameha Ouscura. — Camera obncura atricili/ il^fina 
darkened chamber, because the room must be darketied, in ordrr 
to observe its effects. 

To witness the phenomena of this instrument, let a room be 
closed in every dii'ection, so as to exclude the light. Then from 
an aperture, say of an inch in diameter, admit a single beam of 
light, and the images of external things, such as the trees and 
houses, and persons walking the streets, will be seen inverted 
on the wall oppo$it« to where the li!j:ht is admitted, or on ■ 
screen of white paper, placed before the aperture. 

92. The reason why the image is inverted will bo obviona, 
when it is remembered that the rays proceeding from the ei 
tremities of the object must converge in order to pass through 
the small aperture ; and as the rays of light always proceed in 
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tlio figure, tho light reflected from A, will pass between the pn* 
titionft, C and I, to the mirror, and will reflect the image of the 
book to Z, where it will appear so distinct and tangible, that i 
]icrson looking through the opening at X, will have no doubt 
that it is a real book, and will be much astonished to find, when 
ho puts out his hand to take it, that it has no substance, and 
that his hand will pass through it, as though it was notluog 
but a shadow, which he can not at first be made to believe ii 
Uio case. 4 . 

50. Heat Produced hy a Concave Mirror. — ^The conc»« 
mirror hanng the property of converging the rajrs of light, ii 
equally efiicieut in concentrating the rays of heat^ either separ- 
ately or with the light. "When, therefore, such a mirror is jae- 
sented to the rays of the sun, it brings them to a focus, so s 
to produce degrees of heat in proportion to the extent and p»- 
foction of its reflecting surface. A metallic mirror of this Imd, 
of only four or six inches in diameter, will fuse metals, set wooi 
on Are, <&c. 

51. Experiment with a Hot Ball, — ^As the parallel rajstf 
heat or light are brought to a focus at the distance of one qua- 
ter of the diameter of the sphere, of which the reflector ii 1 
section, so if a luminous or heated body be placed at this poi4 
the rays from such body passing to the mirror will be reflediel 
from all parts of its surface, in parallel lines ; and the rays ■ 
reflected by the same law, will be brought to a focus by »■ 
other mirror standing opposite to this. 

52. Suppose a red-hot ball to be placed in the principal foes 
of the mirror A, Fig, 198, the rays of heat and light proceed- 
ing from it will bo reflected in the parallel lines 1, 2, 3, At 
The reason of this is the same as that which causes paralkl 
rays, when falling on the mirror, to be converged to a focus- 
The angles of incidence being equal to those of reflectioD, it 
makes no difference in this respect, whether the rays pass to or 
from the focus. In one case, parallel incident rays from the 
sun, are concentrated by reflection ; and in the other, incideDt 
diverging rays, from the heated ball, are made parallel by 
reflection. 

The rays, therefore, flowing from the hot ball to the miiwr 



no. Will tlie concave mirror concentrate the rays of heat, as well as thoM of GgM^ 
51. Suppose a luminous body be placed in the focus of a concaTe mirror, in wbilfr 
rfction will its rays be reflected? 5i2. Exj>Iain Fig 1U3, and show why Ihenji 
from the focus of A are concentrated in the Ittcus B. What curious experimenlfBif 
be made by two concave mirrors placed opposite to each other by a hot balll Biv 
may it be shown that heat and light are distmct principles ? 
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form in miniature a most perfect and beautiful picture of tlie 
l&ndscape in that direction. Then, by maklDg the reflector re- 
volve, another portion of the landscape ma; be seen, and thns 
the objects, in ull directions, can be viewed at K without chang- 
ing the place of the instrument. „ 



93. TTie Magie Lantern U a microicope on Ihe tame prindpU 
at the tolar microscope. — But instead of being used to magnify 
natural objects, it is commonly employed for amusement I^ 
casting the shadows of small transparent paintings done on glaat, 
upon a screen placed at a proper distance. 




Let a candle C, Fig. 227, be placed on the inside of a box or 
tube, so that its light may pass through the plano-convei lens 
N, and strongly illuminate the object O. This objefct is gen- 
erally a small transparent painting on a slip of glass, which 
slides through an opening in the tube. In order to show the 
figures in the erect position, tliese paintings are inverted, unce 
their shadows are again inverted by the refraction of the convex 
lens M. 

In some of these instrumenls there is a concave mirror, D, by 
which the object 0, is more strongly illuminated than it would 
be by the lamp alone. The object is magnified by the double- 
convex lens, M, which is movable in the tube by a screw, so 
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liiat its focus can be adjusted to the required distance. Lastly, 
there is a screen of white cloth, placed at the proper distance, 
on which the image or shadow of the picture, is seen greatly 
magnified. 

The pictures being of various colors, and so transparent, that 
the light of the lamp shines through them, the shadows are 
also of various colors, and thus soldiers and horsemen are repre- 
sented in their proper costume. 

CHROlfATICB, OR THE PHILOSOPHY OF COLORS. 

94. We have thus far considered light as a simple body, and 
have supposed that all its parts were equally refracted, in its 
passage, through the several lenses described. But it will now 
be shown that light is a compound body, and that each of its 
rays, which to us appear white, is composed of several colors, 
and that each color suffers a different degree of refraction, when 
the rays of light pass through a piece of glass, of a certain shape. 
This was a discovery of Sir Isaac Newton. 

95. Solar Spectrum. — If a ray, proceeding from the sun, 
be admitted into a darkened chamber, through an aperture in 
the window shutter, and allowed to pass through a triangular 
leaped piece of glass, called a prism, the light will be decom- 
posed, and instead of a spot of white, there will be seen, on the 
opposite wall, a most brilliant display of colors, including all 
those seen in the rainbow. 



FIG. 228. 
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Solttr Spectrum, 



Suppose S, Fig. 228, to be a ray from the sun, admitted 
through the window shutter A, in such a direction as to fall on 

94. Who made the discovery, that lie:ht is a compound substance 1 96. In what 
manner, and by what means, is light decomposed ? 




A plaua-eonvex Um, E, is bounded bj a convex sur&ce on 
one side, and a plane one on the other. 

A doabk-coneavt km, F, is bounded by two ooncava spher- 
kwl earfaces, opposite to each otLer. 

A plano-eoneave Itns, G, is bounded by a plane snriace on 
one Bide and a concBTe one on the other. 
. A meuUcut, H, is bounded by one concave, and one convex 
Bpberical sur&ce, which two surfaces meet at the edge of the 
lens. 

A ameavo-amvex lens, I, is bounded by a concave, and con- 
irsx surface, but which diverge from each other, if continued. 
, The effects of the prism on the rays of light will be shown in 
BDotber place. The refraction of the plaiit glass bends tha 
parallel rays of light equally toward the perpendicular, aa already 
ibown. The tptitrt is not often e— -'"""'' ■■ - '"— ■"-" =' - 
inoonvenient in use. 



as a lens, since it » 



,, 56. The effect of the convex letu, by inereanng the vimal 
tmfft^t M (o magnify all objects seen tkrcyugk it. 

Focal Ditlance. — The 
fccal distances of convex "«■ ^i- 

lenses, depend on their de- 
crees of convexity. The 
Jbcal distance of a tingle, 
iff plano-convex lens, is 
the diameter of a sphere, 
c^ which it is a section. 

If the whole circle, 
\Hff. 201, be conddered 
i-the circumference of a 
^^>Iiere, of which the pla- 
no-convex kns B A, IS a 
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OBBOMAnOS. (17 1 

Berred BTonnd the point of contact between the two Bur&ces, 
and their number may be increased or diminiahed by the de- 
grees of pressure. Two pieces of common looking-glaaa, pressed 
together with the fingers, will display most of the pnsmatic 

98. A variety of substances, when thrown into the form of 
the triangular prism, will decompose the rajs of light, as well 
OS a prism of glass. A very common instrument for this pur- 
pose is made by put^ng together three pieces of plate glass, in 
form of a prism. The ends may be made of wood, and the 
edges cemented with putty, so as to make the whole water-tight 
When this is filled with water, and held before a sunbeam, the 
solar spectrum will be formed, displaying the same colors, and 
in the same onier, as that above described. ^-.- 

99. Setomposilton of Light by a Cireh. — On this subject, a 
onrious and salisfitctory experiment may be made by means of 
a dark center, and circle, with 

divisions between them, repre- fig, ^sa. 

senting the proportions of tlie 
pnsmatic rays, and colored to 
imit&te them. The letters. 
Fig. 229, show the different 
colon of the seven rays, and 
the spaces they severally oc- 
cupy. 

100. Now if this card, thus 
colored, be placed on a spindle 
and made to turn rapidlv, the 
seven coIoib will entirely dis- 
appear, and a dull white only 

inll be presented to the eye, BecBmpotuion qf Light. 

instead of them. 

101. Explanation, — Any color rema 
eye after it is covered, or removed, , 
whirled rapidly, appears a circle of fire. Two revolving colors 
will thus be so blended as to seem a medium between then ; 
tlius if all the colors on the card are covered, except the yellow 
and red, they will appear orange. And if all the prismatio 
tints are blended, whether in the form of powders, or propor- 
tionate, colored, revolving surfaces, they produce white. 





oomrsz lbkb. S46 

:iR>. 203, would be- f». aoB. 

oome convergent. 

Instead of parallel, 

because the same 
refractive power 

'which would render 

^vergent rays par- 

allel, would make 

Kd^Uel rays con- 
rgent, and con- o 

verging rays still Diverging Ea^. 

more convergent. 

Thus the pencils of converging rays, Fi^, 204, are rendered 
■tOl more convergent by their passage through the lens, and 
sre therefore brought to a focus nearer the lens, in proportion 
to their previous convergence. 

The ey^lasses of spectacles for old people are double-convex 
lenses, more or less spherical, according to the age of the person, 
or the magnifying power required. 

60. Burning Glass. — ^The common burning passes, which 
mre used for lighting cigars, and sometimes for Kindling fires, 
are also convex lenses. Their effect is to concentrate to a focus, 
or point, the heat of the sun which falls on their whole surfsice ; 
and hence the intensity of their effects is in proportion to the 
extent of their sur&ces, and their focal lengthsilc 
■ 61. Visual Angle. — It has been explaine<^that the reason 
vhy the convex mirror diminishes the images of objects is, that 
l^e rays which come to the eye from the extreme parts of the 
object are rendered less convergent by reflection, from the con- 
Ipex 8ur&ce, and that in consequence, the angle of vision is made 
waare acute. (41.) 

62. Now, the refractive power of the convex lens has exactly 
die contrary effect, since by converging the rays flowing from 
the extremities of an object, the visual angle is rendered more 
obtuse, and therefore all objects seen through it appear magnified. 

63. Suppose the object A, Fig. 205, appears to the naked 
aye of the length represented in the drawing. Now, as the 
nys coming from each end of the object, form by their con- 
vergence at the eye, the visual anghy or the angle under which 
the object is seen, and we call objects large or small in propor- 

00. What kind of a lens Is a burning glass 1 61. What is thevisual angle 1 62. 
What Is the 0dei of the convex lens on the Tisual angle 1 63. Why does the same 
^ect, whe« m a distance, appear smaller than when near 1 Why does an olg'ect 
appear larger through the convex lens than otherwise Y 
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stated, (103,) that from a single globe, the whole solar spectrum 
is not seen in the same position, but that the different colors are 
seen from different places. Suppose, then, that a ray of light 
from the sun S, on entering the globe at A is separated into its 
primary colors, and at the same time the red ray, which is the 
least refrangible, is refracted in the line from A to B. From 
the second, or inner surface of the drop, it would be reflected to 
C, the angle of reflection being equal to the angle of incidence. 
On passing out of the drop, its refraction at C, would be just 
equal to the refraction of the incident ray at A, and therefore 
the red ray would fall on the eye at E. All the other colored 
rays would follow the same law, but because the angles of inci- 
dence and those of reflection are equal, and because the colored 
rays are separated from each other by unequal refraction, it is 
obvious, that if the red ray enters the eye at E, none of the 
other colored rays could be seen from the same point. 

105. From this it is evident, that if the eye of the spectator 
is moved to another position, he will not see the red ray com- 
ing from the same drop of rain, but only the blue, and if to an- 
otiier position, the green, and so of all the others. But in a 
shower of rain, there are drops at all heights and distances, and 
though they perpetually change their places, in respect to the 
sun and the eye, as they fall, still there will be many which 
will be in such a position as to reflect the red rays to the eye, 
and as many more to reflect the yellow rays, and so of all the 
other colors. 

106. This will be made obvious by Fig, 231, where, to avoid 
confusion, we will suppose that only three drops of rain, and, 
consequently, only three colors, are to be seen. 

The numbers 1, 2, 3, are the rays of the sun, proceeding to 
the drops ABC, and from which these rays are reflected to the 
eye, making different angles with the horizontal line H, be- 
cause one colored ray is refracted more than another. Now, 
suppose the red ray only reaches the eye from the drop A, the 
green from the drop B, and the violet from the drop C, then the 
spectator would see a minute rainbow of three colors. But 
during a shower of rain, all the drops which are in the position 
of A, in respect to the eye, would send forth red rays, and no 



104. Explain Fig. 230, and show the different refractions, and the reflection con- 
cerned in forming the rainbow. In the case supposed, why will only the red ray 
meet Ihe eye? 105. Suppose a person lootcing at the rainbow moves his eye, will he 
see the same colors from the same drop of rain 1 106. Explain Fig. 231, and show 
why we see different colors from different drops of rain. Do several persons see the 
same rainbow at the same time 1 Explain the reason of this. 
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CONVEX LENS. 247 

rectljf opposite to that of the convex. In other terms, by a con- 
cave lens, parallel rays are rendered diverging, converging rays 
have their convergence diminished, and diverging rays have their 
divergence increased, according to the concavity of the lens. 

These glasses, 'therefore, exhibit things smaller than they 
really are, for by diminishing the convergence of the rays com- 
ing from the extreme points of an object, the visual angle is 
rendered more acute, and hence the object appears diminished 
by this lens, for the opposite reason, that it is increased by the 
convex lens. This will be made plain by the two following 
diagrams. 

Suppose the object A B, Fiff. 20*7, to be placed at such a 
distance from the eye, as to give the rays flowing from it^ the 
degrees of convergence represented in the flgure, and suppose 
that the rays enter the eye under such an angle as to make the 
object appear two feet in length. 



FIO. 207. 
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FIO. 208. 
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Now, the length of the same object, seen through the con- 
cave lens. Fig. 208, will appear diminished, because the rays 
eoming from it are bent outward, or made less convergent by 
refraction, as seen in the figure, and consequently the visual 
angle is more acute than when the same object is seen by the 
naled eye. Its length, therefore, will appear less in proportion 
as the rays are rendered less convergent. 

The spectacle glasses of short-sighted people are concave 
lenses, by which me images of objects are formed further back 
in the eye than otherwise, as will be explained under the next 
article. ^ 
f . ^ 

What eflTect does this leDa have upon parallel, diverging, and converging rajrtl 
Why do objects appear smaller through this glass than they do to the naked eyct 
Explain Pifs. 207 and 208, and show the reason why the same object appears nMiter 
tbroagh 208. What defect in the eye requires concave lensesl 
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108. To account for such a variety of colore as we see m dif- 
ferent bodies, it is supposed that all substances, when made 
sufficiently thin, are transparent, and consequently, that they 
transmit through their surfaces, or absorb, certain rays of light, 
while other rays are thrown back, or reflected. Gold, for ex- 
ample, may be beat so thin as to transmit some of the rays of 
light, and the same is true of several of the other metals, which 
are capable of being hammered into thin leaves, It is there- 
fore most probable, that all tlie metals, could they be made suf- 
ficiently thin, would permit the rays of light to pass through 
them. Most, if not quite all mineral substances, though in the 
mass they may seem quite opaque, admit the light through 
their edges, when broken, and almost every kind of wood, when 
made no thinner than writing paper, becomes translucent. 
Thus we may safely conclude, that every substance with which 
we are acquainted, will admit the rays of light, when made suf- 
ficiently thin. 

109. Transparent Substances. — Transparent, colorless sub- 
stances, whether solid or fluid, such as glass, water, or mica, 
reflect and transmit light of the same color ; that is, the light 
seen through these bodies, and reflected from their surfaces, is 
white. This is true of all transparent substances under ordinary 
circumstances; but if their thickness be diminished to a certain 
extent, these substances will both reflect and transmit colored 
light of various hues, according to their thickness. Thus, the 
thin plates of mica, which are left on the fingere after handling 
that substance will reflect prismatic rays of various colors. 

110. From such phenomena. Sir Isaac Newton concluded, 
that air, when below the thickness of half a millionth of an inch, 
ceases to reflect light ; and also, that water, when below the 
thickness of three-eighths of a millionth of an twc/i, ceases to re- 
flect light But that both air and water, when their thickness 
is in a certain degree above these limits, reflect all the colored 
rays of the spectrum. 

111. From a great variety of experiments on this subject. Sir 
Isaac Newton concludes that the transparent parts of bodies, 
according to the sizes of their transparent pores, reflect rays of 
one color, and transmit those of another, for the same reason 



108 How is the variety of colors accounted for, by considering all bodies Jra"*- 
parent 1 109 What is said of the reflection of colored light by transparent suD- 
Jtancesl What substance is mentioned, as illustrating this fact ? 110. What isine 
conclusion of Sir Isaac Newton, concerning the tenuity at which water and air cease 
to reflect \\g\ii 1 111. What is said of the porous nature of the soUd bodies ? 
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that thin plates, or minute particles of air, water, and some 
other substances, reflect certain rays, and absorb or transmit 
others, and that this is the cause of all their colors. ' 



CHAPTER XII. 

ASTRONOMY. 



112. This term is compounded of the Greek astra^ the stars, . 
and nomos a law ; and hence signifies the laws of the celestial 
bodies. 

Astronomy is that science which treats of the motions and 
appearance of the heavenly bodies ; accounts for the phenomena 
which these bodies exhibit to us ; and explains the laws by which, 
their motions, or apparent motions, are regulated. 

Astronomy is divided into Descriptive, Physical, and Prae- 
ticaL 

Descriptive astronomy demonstrates the magnitudes, distances, 
and densities of the heavenly bodies, and explains the phenom- 
ena dependent on their motions, such as the change of seasons, 
and the vicissitudes of day and night. 

Physical astronomy explains the theory of planetary motion, 
and the laws by which this motion is regulated and sustained. 

Practical astronomy details the description and use of astro- 
nomical instruments, and develops the nature and application 
of astronomical calculations. 

The heavenly bodies are divided into three distinct classes, or 
systems, namely, the solar system, consisting of the sun, moon, 
and planets ; the system of the fixed stars ; and the system of 
the comets. 



THE BOULK 8T8TEM. 



113. The Solar System consists of the Sun, and forty-two 
other bodies, including the satellites, which revolve around him 
at various distances, and in various periods of time. 



112. What is astronomy 1 How is astronomy divided 1 What does descriptive 
astronomy teach 7 What is the object of physical astrunomv ? What is practical 
astronomy 1 How are the heavenly bodies divided 1 113. Of what does the solar 
IBrstem consist 1 ^^ 
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These bodies, being perpetually in niotion, are called ptanett, 
from B Greek word signifying wanderers, and they are distin- 
gnished with reference to their centers of resolution, into 
primary and teeondary. 

114, The Primary planets are those which revolve around 
the Bun as their proper center. These are twelve in number; 
that nearest the eud being Mercury, the others fallow in succes- 
sion, thus: Venus, Earth, Mars, Vesta, Ceres, Pallas, Juno, 
Jupit«r, Saturn, Herschel or Uranus, and Neptune. 

116. The S«onrfary planets are those which move round the 
primaries, as these move round the sun. Of these, there are 
nineteen, called also moong, or satellifes. These, as we shall 
Bee, like their primaries, complete their revolutions at various 
periods of time. 

116. The following tabular view of the primary planets ex- 
hibits their respective diameters ; their distances &om the sun ; 
the periods of their revolutions round the sun ; the periods of 
their revolutions round their axes, where this is known ; and 
their hourly motion through their several orbits. 
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117. A Year, what. — A year consists of the time which il 
takes a planet to perform one complete revolution through its 
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KG. 212. 




Inversion of Obfeets, 

The actual position of the vertical object A, Fir;, 212, as 
painted on the retina, is therefore such as is represented by the 
figure. The rays from its upper extremity, coming in divergent 
lines, are converged by the crystaline lens, and fall on the retina 
at O ; while those from its lower extremity, by the same law, 
fall on the retina at C, the rays crossing each other as they pass 
the humors of the eye. 

69. In order that vision may be perfect, it is necessary that 
the images of objects should be formed precisely on the retina, 
and consequently, if the refractive power of the eye be too small, 
or too great, the image will not fall exactly on the seat of vision, 
but will be formed either before, or tend to form behind it. In 
both cases, perhaps, an outline of the object may be visible, but 
it will be confused and indistinct. 

70. Cornea too Prominent — If the cornea is too convex, or 
prominent, the image will be formed before it reaches the retina, 
ibr the same reason, that of two lenses, that which is most con- 
vex will have the least focal distance. Such is the defect in the 
eyes of persons who are short-sighted, and hence the necessity 
of their bringing objects as near the .eye as possible, so as to 
make the rays converge at the greatest distance behind the 
crystaline lens. 

The effect of uncommon convexity in the cornea on the rays 
of light, is shown at Fig, 213, where it will be observed that 
the image, instead of being formed on the retina R, is suspended 
in the vitreous humor, in consequence of there being too gi*eat 
a refractive power in the eye. It is hardly necessary to say, 
that in this case, vision must be very imperfectly performed. 

This defect of sight is remedied by spectacles, the glasses of 



80. Suppose the refractive power of the eye is too p-eat, or too little, why will vision 
be imperfect 1 70. If the cornea is too convex, where will the image be formwlj 
How Is the sight improved, when the cornea is too convex 1 How do sucn iensc« set 
to improve the sight ? 
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Cornea too Oomvex. 

which are concave lenses. Such glasses, by rendering the nqfi 
of light less convergent, before they reach the eye, conntenid 
the too great convergent power of the cornea and lens, and th« 
throw the image on the retina. 

71. Cornea too Flat. — If^ on the contrary, the humors of ibe 
eye, in consequence of age, or any other cause, have become 
loss in quantity than ordinary, the eyeball will not be suffi- 
ciently distended, and the cornea will become too flat^ or not tof 
ISciently convex, to make the rays of light meet at the proper 
place, and the image will therefore tend to be formed beyond 
the retina, instead of before it, as in the other case. Heno^ 
aged people, who labor under this defect of vision, can not mi 
distinctly at ordinary distances, but are obliged to remove ths 
object as far from the eye as possible, so as to make its refrac- 
tive power bring the image within the seat of yision. 



o. 214. 




Cornea too Fka. 



The defect arising from this cause is represented by Fig, 2U, 

71. Where do the raye tend to meet when the cornea In not lufflcientlT coDveil 
How {■ Tislon aaeiated when the ere wants convexity 7 Horn do coo vex leoKt help 
Uie U(ht of a(ed penions 1 
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where it will be observed that the image is formed behind the 
retina, showing that the convexity of the cornea is not sufficient 
to bring the image within the seat of distinct vision. This im- 
perfection of sight is common to aged persons, and is corrected 
m a greater or less degree by double-convex lenses, such as the 
comnion spectacle glasses. Such glasses, by causing the rays 
of light to converge, before they meet the eye, assist the refrac- 
tive power of the cr}'staline lens, and thus bring the focus, or 
image, within the sphere of vision. 

72. Why we see Objects Erect. — It has been considered dif- 
ficult to account for the reason why we see objects erect, when 
they are painted on the retina inverted, and many learned theo- 
Ties have been written to explain this fact. But it is most 
probable that this is owing to habit, and that the image, at the 
i)ottDm of the eye, has no relation to the terms above and be- 
low, but to the position of our bodies, and other things whicfi 
smroand us. The term perpendicular^ and the idea which it 
conveys to the mind, is merely relative ; but when apphed to 
an object supported by the earth, and extending toward the 
skies, we call the body erect, because it coincides with the posi- 
tion of our own bodies, and we see it erect for the same reason. 
Had we been taught to read by turning our books upside down, 
what we now call the upper part of the book would have been 
its under part, and that reading would have been as easy in 
that position as in any other, is plain from the fact that printers 
read their type, when set up, as readily as they do its impres- 
sions on paper. -j^ 

I ANGLE OP VISION. 

73. This subject, partly explained, needs further illustration. 

' The angle under which the rays of light, coming from the 
extremities of an object, cross each other at the eye, bears a pro- 
portion directly to the length, and inversely to the distance of 
the object. 

Suppose the object A B, Fig, 215, to be four feet long, and 
to be placed ten feet from the eye, then the rays flowing from 
its extremities, would • intersect each other at the eye, under a 
given angle, which will always be the same when the object is 
at the same distance. If the object be gradually moved toward 

72. WhT do we see things erect, when the Images are inverted on the retina 1 73. 
What is the Tlsual angle 1 IIo w may the visual angle of the same object be increamd 
or diminished 1 When do oliyects of different magnitudes form the same visual ao> 
glc 1 Explain Fig. 215. 
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Sartii, and consequently they are called inferior planets, llie 
orbits of all the otber planets are without, or exterior to that of 
the Elarth, and these are called superior planets. 

126. lliat the orbits of Mercury and Venus arc within that 
of tbe Earth, is evident from the circumstance that they are 
never seen in opposition to the Sun, that is, they never appear 
in the west when the Sun is in the east On tbe contraaj^ the 
orbits of all the other planets are proved to be outside of the 
Earth's, since these planets are sometimes seen in opposition to 
Ae Sun. •* , 

This will be understood by Fig. 232, where suppose S to be 
the Sun, M the orbit of Mercury or Venus, £ the orbit of the 
Eirth, and J that of Jupiter. Now, it is evident, that if a 
spectator be placed any where on the Earth's orbit, as at E, he 
may sometiuies see Jupiter in opposition to the Sun, as at J, 
because then the spectator would be between Jupiter and tbe 
Snn. But the orbit of Venus, being surrounded by that of the 
Jbrth, she never can come in opposition to the Sun, or in that 

C of tbe heavens opposite to him, as seen by us, because our 
I never passes between her and the Sun. 




EBipHeai OrOt. 



OrtUt qf thi HaulM. 



127. Orbits Elliptical, — It has already been stated, that tbe 
orbits of the planets are elliptical, (124,) and that, consequently, 
these bodies are sometimes nearer tbe Sun than at others. An 



■ipirinr onw wllhnM it' E»pl»ln Fin. 232. bih 
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75. But when the object is near us, and seen with the naked 
eye, we then judge of the magnitude by our experience, and not 
entirely by the visual angle. Thus, tlie three arrows, A E M, 
Fig, 215, all of them make the same angle on the eye, and yet 
we know, by further examination, that they are all of different 
lengths. And so the two arrows, A B, and C D, though seen 
under different visual angles, will appear of the same size, be- 
cause experience has taught us that this difference depends only 
on the com|>arative distance of the two objects. 

76. As the visual angle diminishes inversely in proportion as 
the distance of the object increases, so when the distance is so 
great as to make the angle too minute to be perceptible to the 
eye, then the object becomes invisible. Thus, when we watch 
an eagle flying from us, the angle of vision is gradually dimin- 
ished, until the rays proceeding from the bird form an image on 
the retina too small to excite sensation, and then we say Uie 
eagle has flown out of sight 

The same principle holds with respect to objects which are 
near the eye, but are too small to form an image on the retina 
which is perceptible to the senses. Such objects to the naked 
eye, are of course invisible, but when the visual angle is en- 
lai^ed, by means of the convex lens, they become visible ; that 
ifly their images on the retina excite sensation. 

77. SizK OF THE Image on the Retina. — ^The actual size 
of an image on the retina, capable of exciting sensation, and 
oonsequenthr of producing vision, may be too small for us to 
appreciate oy any of our other senses ; for when wo consider 
how much smaller the image must be than the object, and that 
a human hair can be distinguished by the naked eye at the dis- 
tance of twenty or thirty feet, we must suppose that the retina 
is endowed with the most delicate sensibility, to be excited by 
a cause so minute. It has been estimated that the image of a 
man, on the retina, seen at the distance of mile, is not more 
than the five thousandth part of an inch in length. 

78. Indistinct Vision. — On the contrary, if the object be 
brought too near the eye, its image becomes confused and in- 
dbtinct, because the rays flowing from it, fall on the crystaline 
lens in a state too divergent to be refracted to a focus on the 
retina. 

75. How do we judge of the comparatiTe size of objects near ns 1 76. When does 
a retreating object become invisible to the eve 1 How does a convex lens act to make 
us see objects which are invisible without it 7 77. What is said of the actual size of 
ao image on the retina 7 78. Why are objects indistinct when brought too near the 
eye! 
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8» Fig. 234, is the Sun, A B, a part no. 29i 

of the circle of the ecliptic, and 
Di a part of the Earth's orbit Now 
if a spectator be placed at C, he will 
see the Sun in that part of the eclip- 
tic marked by B, but when the 
Earth moves in her annual revolu- 
tion to D, the spectator will see the 
Sun in that part of the heavens 
marked by A ; so that the motion 
of the Earth in one direction, will 
give the Sun an apparent motion in 
the contrary direction. 

131. Constellations. — A sign 
or constellation, is a collection of 
fixed stars, and as we have already Zodiac. 

seen, the Sun appears to move 

through the twelve signs of the zodiac every year. Now, the 
Sun's place in the heavens, or zodiac, is found by his apparent 
oonjanction, or nearness to any particular star in the constella- 
tion. Suppose a spectator at C, Mg, 234, observes the Sun to 
be nearly in a line with the star at B, then the Sun would be 
near a particular star in a certain constellation. When the 
Earth moves to D, the Sun's place would assume another direc- 
tion, and he would seem to have moved into another constellation, 
and near the star A. 

182. Each of the 12 signs of the zodiac is divided into 30 
■nailer parts, called degrees ; each degree into 60 equal parts, 
called minutes, and each minute into 60 parts, called seconds. 

The division of the zodiac into signs, is of very ancient date, 
each sign having also received the name of some animal, or 
thing, which the constellation, forming that sign, was supposed 
to resemble. It is hardly necessary to say, that this is chiefly 
the result of imagination, since the figures made by the places 
of the stars, never mark the outlines of the figures of animals, 
or other things. This is, however, found to be the most con- 
Tcnient method of finding any particular star at this day, for 
among astronomers, any star, in each constellation, may be de- 
signated by describing the part of the animal in which it is 

131. What is a consfellation, or sigrn? ITow is the Sun's apparent place in the 
iMmvens found 7 132. Into how many parts are the sterns of the zodiac divided, and 
what are these parts cailed ? Is there anv resemblance between the places of the 
ftera,and the figures of the animals after which they are called 1 . Explain why this 
itacouTcoieat method of finding any particular star in a sigii. 
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situated. Thus, by knowing how many stare belong to the coor 
stellation Leo, or the Lion, we readily know what star is meant 
by that which is situated on the Lion's ear or tail. 

133. Names of the Signs. — The names of the 12 signs of 
the zodiac are, Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra, 
Scorpio, Sagittarius, Capricorn, Aquarius, and Pisces. The 
common names, or meaning of these words, in the same order, 
are, the Ram, the Bull, the Twins, the Crab, the Lion, the Vi^ 
gin, the Scales, the Scorpion, the Archer, the Goat, the Waterer, 
and the Fishes. 



FIG. 236. 
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Signs of the Zodiac. 



134. The twelve signs of the zodiac, together with the Sun, 
and the earth revolving around him, are represented at I^g, 
235. When the Earth is at A, the Sun will appear to be just 

133. What are the names of the twelve signs t 134. ExpUun why the Siin will ba 
in the beginning of Aries when the Earth is at A, Fig. 235. 
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enteriDg the sign Aries, because then, when seen from the Earth, 
he ranges toward certain stars at the beginning of that constel- 
lation. When the Earth is at C, the Sun will appear in the 
opposite part of the heavens, and therefore in the beginning of 
libra. The middle line, dividing the circle of the zodiac into 
equal parts, is the Hne of the ecliptic. 

135. Density of the Planets. — ^Astronomers have no 
means of ascertaining whether the planets are composed of the 
^same kind of matter as our Earth, or whether their surfaces are 
clothed with vegetables and forests, or not. They have, how- 
ever, been able to ascertain the densities of several of them, by 
observations on their mutual attraction. By density^ is meant 
compactness, or the quantity of matter in a given space. (72.) 
When two bodies are of equal bulk, that which weighs most, 
has the greatest density. It was shown, while treating of the 
properties of bodieSj that substances attract each other in pro- 
portion to the quantities of matter they contain. (132.) If, 
therefore, we know the dimensions of several bodies, and can 
ascertain the proportion in which they attract each other, their 
quantities of matter, or densities, are easily found. 

136. Thus, when the planets pass each other in their circuits 
through the heavens, they are often drawn a little out of the 
lines of their orbits by mutual attraction. As bodies attract in 
proportion to their quantities of matter, it is obvious that the 
small planets, if of the same density, will suffer greater disturb- 
ance from this cause, than the large ones. But suppose two 
planets, of the same dimensions, pass each other, and it is found 
that one of them is attracted twice as far out of its orbit as the 
other, then, by the known laws of gi'avity, it would be inferred, 
that one of them contained twice the quantity of matter that 
the other did, and therefore that the density of the one was 
twice that of the other. 

By calculations of this kind, it has been found, that the 
density of the Sun is but a little greater than that of water, while 
Mercury is more than nine times as dense as water, having a 
specific gravity nearly equal to that of lead. The Earth has 
a density about ^ve times greater than that of the Sun, and a 
little less than half that of Mercury. The densities of the other 
planets seem to diminish in proportion as their distances from 



135. How has the density of the planets been ascertained 7 What is meant by dens 
Itf 7 In what proportion do bodies attract each other 1 136. How are the densities 
of the planets ascertain«'d? What is the density of the Sun, of Mercury, and of the 
Earth f In what proportions do the densities of the planets appear to diminish 1 
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ihe Sun increase, the density of Saturn, one of the most remote 
of planets, being only about one-third that of water. ^ 

THB SUN. 

137. The Sun is the center of the solar system, and the great 
dispenser of heat and light to all tlie planets. Around the Sun 
all the planets revolve, as around a common center, he being the 
largest body in our system, and, so far as we know, the largest 
in the universe. 

Distance of the Sun, — The distance of the Sun from the 
Earth is 95 millions of miles, and his diameter is estimated at 
88*7,000 miles. Our globe, when compared with the magnitude 
of the Sun, is a mere pointy for his bulk is about thirteen htm- 
dred thousand times greater than that of the Earth. Were the 
Sun's center placed in the center of the Moon's orbit, his cu^ 
cumference would reach two hundred thousand miles beyond 
her orbit in every direction, thus filling the whole space be- 
tween us and the moon, and extending nearly as far beyond 
her as she is from us. A traveler, who should go at the rate 
of 90 miles a day, would perform a journey of nearly 33,000 
miles in a year, and yet it would take such a traveler more 
than 80 years to go round the circumference of the Sun. A 
body of such mighty dimensions, hanging on nothing, it is cer- 
tain, must have emanated from an Almighty power. 

The Sun appeai-s to move around the Earth every 24 hours, 
rising in the east, and setting in the west. This motion, as will 
be proved in another place, is only apparent, and arises from 
the diurnal revolution of the Earth. 

138. Diurnal Revolution of the Sun, — ^The Sun, although 
he does not, like the planets, revolve in an orbit, is, however, 
not without motion, having a revolution around his own axis, 
once in 25 days and 10 hours. Both the fact that he has such 
a motion, and the time in which it is performed, have been as- 
certained by the spots on his surface. If a spot is seen, on a 
revolving body, in a certain direction, it is obvious, that when 
the same spot is again seen, in the same direction, that the body 
has made one revolution. By such spots the diurnal revolutions 
of the planets, as well as the Sun, have been determined. 

137. Where is the place of the Sun in the solar system t What is the distance of tht 
Sun from the Earth I What is the diameter of the Sun ? Suppose the center of tht 
Sun and that of the Moon's orbit to be coincident, how far would the Sun extend be* 
yond the Moon's orbit 1 138. How is it proved that the Sun has a motion aiooiid iiif 
own axis } How often does the Sun revolve 1 
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139. Spots on the Sun. — Spots on the Sun, seem first to 
have been observed in the year 1611, since which time they 
have constantly attracted attention, and have been the subject 
of investigation among astronomers. These spots change their 
appearance as the Sun revolves on his axis, and become greater 
or less, to an observer on the Earth, as they are turned to, or 
from him ; they also change in respect to real magnitude and 
number ; one spot, seen by Dr. Herschel, was estimated to be 
more than six times the size of our Earth, being 50,000 miles in 
diameter. Sometimes forty or fifty spots may be seen at the 
same time, and sometimes only one. They are often so large 
as to be seen with the naked eye ; this was the case in 1816. 

140. Nature and Design of these Spots, — In respect to the 
nature and design of these spots, almost every astronomer has 
formed a difierent theory. Some have supposed them to be 
solid opaque masses of scoriae, floating in the Hquid fire of the 
Sun ; others, as satellites, revolving round him, and hiding his 
Hght from us; others, as immense masses, which have fallen on 
his disc, and which are dark-colored, because they have not yet 
become sufficiently heated. From these various theories we 
may infer that, at present, nothing ceilain is known of the na- 
ture and design of these spots. 

MERCURY. 

141. Mercury, the planet nearest the Sun, is about 3,000 » 
miles in diameter, and revolves around him at the distance of • 
87 millions of miles. The period of his annual revolution is 88 ' 
days, and he turns on his axis once in about 15 hours: 

No signs of an atmosphere have been observed in this planet. 
The Sun's heat at Mercury is about seven times greater than it 
is on the Earth, so that water, if nature follows the same laws 
there that she does here, can not exist at Mercury, except in the 
state of steam. 

The nearness of this planet to the Sun, prevents his being 
often seen. He may, however, sometimes be observed just be- 
fore the rising, and a little after the setting of the Sun. , When 
seen afl«r sunset, he appears a brilliant, twinkling staY, showing 



139. When were the spots on the Sun first observed 1 What has been the differ- 
enee in the number of spots observed ? What was the size of the spots seen by Dr. 
Berechel) 140. What has been advanced concerning the nature of these spots 1 
Have they been accounted for satisfactorily ? 141. What is the diameter of Mercury, 
and what are his periods of annual and diurnal revolution 7 How great is the Sun's 
beat at Mercury 1 At what times is Mercury to be seen 1 What is a transit ot 
Mercury? 
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a white light, which, however, is much obscured by the ^re 
of twilight. When seen in the morning, before the rising of 
the Sun, his light is also obscured by the Sun's rays. 

Mercury sometimes crosses the disc of the Sun, or comes be- 
tween the Earth and that luminary, so as to appear like a small 
dark spot passing over the Sun's face. This is called the transit 
of Mercury. 

VENUB. 

142. Venus is the other planet, whose orbit is within that of 
the Earth. Her diameter is about 8,000 miles, being somewhat 
larger than the Earth. 

Her revolution around the Sun is performed in 224 days, at 
the distance of 68 millions of miles from him. She turns od 
her axis once in 23 hours, so that her day is a little shorter 
than ours. Her hourly motion in her orbit, is 80,000 miles. 

Venus, as seen from the Earth, is the most brilliant of all the 
primary planets, and is better known than any nocturnal lumin- 
ary except the Moon. When seen through a telescope, she ex- 
hibits the phases or horned appearance of the moon, and her 
face is sometimes variegated with dark spots. 

143. This planet may often be seen in the day time, even 
when she is in the vicinity of the blazing light of the Sun. A 
luminous appearance around this planet, seen at certain times, 
proves that she has an atmosphere. Some of her mountains 
are several times more elevated than any on our globe, being 
from 10 to 22 miles high. 

144. Venus sometimes makes a transit across the Sun's disc, 
in the same manner as Mercury, already described. The transits 
of Venus occur only at distant periods from each other. The 
last transit was in 17G9, and the next will not happen until 
1874. These transits have been observed by astronomers with 
the greatest care and accuracy, since it is by observations on 
them that the true distances of the Earth and planets from the 
Sun are determined. 

145. Motions and Phenomena of Venus, — Sometimes Venus 
appears to recede from the Sun, and then approach him, and 
as her orbit is within that of the earth, her distance fix>m us 



142. Where is the orbit of Venus, in respect to that of the Earth? What is the 
time of Venus' revolution round the Sun 1 How often does she turn on her azisi 
143. What is said of the height of the mountains In Venus? 144. On what account 
are the transits of Venus observed with great care 7 145. What is the least and great- 
est distance of Venus from the Earth ? When is she in her inferior^ and when in her 
tuperior conjunction with the Sun ? Why is she invisible in those two positional 



varies from 27,000.000 to 163,000,000 of miles. When near- 
est the earth she forms her inferior coDJunction with the Sun ; 
that is, she ia between u3 and him, and hence being overpow- 
ered with hia light, is invisible. When at the greatest distance 
from us, she forms her sa^wrtor conjunction with that luminary, 
and for the same reason again becomes invisible to iis. 



Thea 



will 




be understood by the fol- 
lowing expUnations in con- 
nection with Fig. 236, 
which we quote from Dr. 
Dick. 

146. Let the earth be 
supposed at K, then when 
Venus ia in the position 
marked A, it is in a line 
with the Sun as seen from 
the earth, and is then in 
its tuperior conjunction, 
being in the remotest part 
of its orbit When in this 
positiou, the whole of its 
enlightened hemispliere is 

toward the earth, but is invisible on account of the Sun's light 
As it moves from A to B, being from west to east, which is 
called its direct motion, it, begins to appear after sunset as the 
evening star. When at B, it appears among the stars at L, 
when it appears in a gibbous shape, nearly half it* disc being 
luminous. When at C, it appears among the stars at M, nearly 
in the form of a half moon. At D, being at the point of its 
greateet elongation, it has the form of a half moon, and is seen 
among the stars at N. It now appears, for some time to be 
stationary, because moving nearly in a straight line toward the 
earth, its motion is oot seen ; when it again appears to move 
rapidly, but in a contrary direction from before, or, from east 
to west, during which it presento the form of a crescent. It 
now gradually becomes so overpowered by the Sun's rays as 
again to be invisible to the naked eye, and when arrived at E, 
forms her inferior conjunction with liie Sun, and her nearest 
approach to the Earth. 

147. In this position, Venus b 36,000,000 miles nearer the 

1<K. Dneribr br munc or^jC. 336, (he phuenDrVeniu, frnin her nperlor U> Iwr 
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Reeding Telescope. 
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'aperture in the center of the great mirror, fall on the plano- 

oonvez lens E. By this lens they are refracted to a focus, and 

'. erosB each other between E and D, and thus the image is again 

1 inverted, and brought to its original position, or in the position 

"of the object. The rays then passing the second eyeglass, form 

the image of the object on the retina. 

The large mirror in this instrument is fixed, but the small 
one moves backward and forward, by means of a screw, so as to 
adjust the image to the eyes of different persons. Both mirrors 
are made of a composition, consisting of several metals melted 
together. 

87. One great advantage which the reflecting telescope pos- 
weBsea over the refracting, appears to be, that it admits of an 
eyeglass of shorter focal distance, and, consequently, of greater 
magnifying power. The convex object glass of the refracting 
instrument, does not form a perfect image of the object, since 

• florae of the rays are dispersed, and others colored by refraction. 
Hiis difficulty does not occur in the reflected image from the 
metallic mirror of the reflecting telescope, and consequently it 
may be distinctly seen, when more highly magnified. 

The instrument just described is called " Gregory^s telescope^'* 
because some parts of the arrangement were invented by Dr. 
Gregory. 

88. HerKheVs Telescope. — ^In Dr. HerschePs grand telescope, 
the largest then constructed, the reflector was 48 inches in 
diameter, and had a focal distance of 40 feet. This reflector 
was three and a half inches thick, and weighed 2000 pounds. 
Now, since the focus of a concave mirror is at the distance of 
one-half the semi-diameter of the sphere, of which it is a sec- 



87. What is the advanta|;eof the reflecting telescope in respect to the eyeglass 1 
86. What woB the focal distance and diameter of the mirror in Dr. Ilersehel's great 
telescope 1 Where is the largest Iferschel's telescope now in existence? What !■ 
Che diameter and focal distance of the reflector of this telescope 1 
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entering the sign Aries, because then, when seen from the Earth, 
he ranges toward certain stars at the beginning of that constel- 
lation. When the Earth is at C, the Sun will appear in the 
opposite part of the heavens, and therefore in the beginning of 
libra. The middle line, dividing the circle of the zodiac into 
equal parts, is the line of the ecliptic. C 

135. Density of the Planets. — Astronomers have no 
means of ascertaining whether the planets are composed of the 

^eame kind of matter as our Earth, or whether their surfaces are 
clothed with vegetables and forests, or not. They have, how- 
ever, been able to ascertain the densities of several of them, by 
observations on their mutual attraction. By density^ is meant 
compactness, or the quantity of matter in a given space. (72.) 
When two bodies are of equal bulk, that which weighs most, 
has the greatest density. It was shown, while treating of the 
properties of bodies^ that substances attract each other in pro- 
portion to the quantities of matter they contain. (132.) If, 
therefore, we know the dimensions of several bodies, and can 
ascertain the proportion in which they attract each other, their 
quantities of matter, or densities, are easily found. 

136. Thus, when the planets pass each other in their circuits 
through the heavens, they are often drawn a little out of the 
lines of their orbits by mutual attraction. As bodies attract in 
proportion to their quantities of matter, it is ob\ious that the 
small planets, if of the same density, will suffer greater disturb- 
ance from this cause, than the large ones. But suppose two 
planets, of the same dimensions, pass each other, and it is found 
that one of them is attracted twice as far out of its orbit as the 
other, then, by the known laws of gravity, it would be inferred, 
that one of them contained twice the quantity of matter that 
the other did, and therefore that the density of the one was 
twice that of the other. 

By calculations of this kind, it has been found, that the 
density of the Sun is but a little greater than that of water, while 
Mercury is more than nine times as dense as water, having a 
8j)eciiic gravity nearly equal to that of lead. The Earth has 
a density about five times greater than that of the Sun, and a 
little less than half that of Mercury. The densities of the other 
planets seem to diminish in proportion as their distances from 



135. How has the density of the planets been ascertained 7 What is meant by dens 
Ity ? In what proportion do bodies attract each other ? 136. How are the densities 
Of the planets ascertaint-d 7 What is the density of the Sun, of Mercury, an." of the 
Earth f In what proportions do the densities of the planets appear to diminish 1 



TKLE800PK. 265 

poration by means of spirit levels. The crucibles were 10 hours 
'in the furnace before the metal was sufficiently fluid to cast. 
The speculum weighed 3 tons — ^lost one-eighth of an inch in 
thickness by grinding^ 

Chrinding, — ^The grinding was conducted under water, the 
moving power being a steam-eng-ine of 3 horse power. The 
^nder i& of cast iron with grooves in its face to retain the emery, 
and the two ^es having a mutual motion, both became ))er- 
fect, whatever might have been their inequalities. The polish- 
ing was done by means of a thin layer of pitch spread on the 
grfinder, on which rouge was smeared in the form of paste with 
water. This process took six hours. 

Construction of the Ttibe. — ^The tube is 56 feet long, made 

. of boards and hooped with iron. On the inside at intervals of 

8 feet, are iron rings to support the boards. Its diameter is 7 

4&eU the whole being easily moved in any direction by means 

of pulleys and levers, a universal joint at the lower end being 

designed hr this purpose. 

Wall of Support, — At a distance of 12 feet, on each side of 
the instrument is a brick wall, 72 feet long, 48 high on the out- 
ride, and 56 on the inside, ranging exactly on the meridianal 
line. These walls have rods of iron and wood passing from one 
to the other, for the support of the telescope, as it is turned in 
different directions. 

The weight of the speculum and tube, including that of the 
bed on which it is sustained, is about 15 tons. 

This being a reflecting telescope, the observer stands in a 
gallery at the upper end, and looks into the side of the great 
tube, where the observations are made by means of a reflecting 
surface of 4,071 square inches, while Herschers great reflector 
had a surface of only 1,811 square inches. 

The cost of this wonder of the age is 60,000 dollars. 

Description of the Figure, — ^The following description of a 
section of Lord Rosse's telescope. Fig, 224, though not so per- 
fect as could be desired, is the best we could obtain. It ex- 
hibits a view of the inside of the eastern wall, with the tube, 
and machinery by which it is moved. A is the mason -work on 
the ground ; B the universal joint, which allows the tube to 
turn m all directions ; C the speculum in the tube ; E the eye- 
piece through which the observer looks ; F a pulley by which 
c the tube is moved ; H a chain attached to the pulley, and to 
the side of the tube ; I a chain running to K, the counterpoise ; 
L a lever connecting the chain M with the tube ; Z another 
I 12 
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139. Spots on the Sun. — Spots on the Sun, seem first to 
have been observed in the year 1611, since which time they 
have constantly attracted attention, and have been the subject 
of investigation among astronomers. These spots change their 
appearance as the Sun revolves on his axis, and become greater 
or less, to an observer on the Earth, as they are turned to, or 
from him ; they also change in respect to real magnitude and 
number ; one spot, seen by Dr. Herschel, was estimated to be 
more than six times the size of our Earth, being 50,000 miles in 
diameter. Sometimes forty or fifty spots may be seen at the 
flame time, and sometimes only one. They are often so large 
as to be seen with the naked eye ; this was the case in 1816. 

140. Nature and Design of these Spots. — In respect to the 
jiatnre and design of these spots, almost every astronomer has 
ibrmed a difierent theory. Some have supposed them to be 
floHd opaque masses of scoriae, floating in the Hquid fire of the 
IBan ; others, as satellites, revolving round him, and hiding his 
light from us ; others, as immense masses, which have fallen on 
Ilk disc, and which are dark-colored, because they have not yet 
become sufiiciently heated. From these various theories we 
may infer that, at present^ nothing certain is known of the na- 
ture and design of these spots. 

MERCURY. 

141. Mercury, the planet nearest the Sun, is about 3,000, 
miles in diameter, and revolves around him at the distance of • 
87 millions of miles. The period of his annual revolution is 88 • 
days, and he turns on his axis once in about 15 hours: 

No signs of an atmosphere have been observed in this planet. 
The Sun's heat at Mercury is about seven times greater than it 
iB on the Earth, so that water, if nature follows the same laws 
there that she does here, can not exist at Mercury, except in the 
state of steam. 

The nearness of this planet to the Sun, prevents his being 
often seen. He may, however, sometimes be observed just be- 
fore the rising, and a little after the setting of the Sun. . When 
Been afl«r sunset^ he appears a brilliant, twinkling staY, showing 



139. When were the spots op the Sun first observed 1 What has been the differ- 
ence \\\ the number of spots observed 7 What was the size of the spots seen by Dr. 
Herschel) 140. What has been advanced concerning the nature of these spots 1 
HuTe they been accounted for satisfactorily 1 141. What is the diameter of Mercury, 
sod what are his periods of annual and diurnal revolution 7 How great is the Sun's 
iMst at RCercury 1 At what tim^s is Mercury to be seen 1 What is a transit ot 
Mercury? 
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Principle of the Camera. 



itaraigbt lines, they ^^' ^aB. 

must cross each 

other at the point 

of admission, as 

explained under 

the article Vision, 

Thus the pencil 
A, Fisf, 225, com- 
ing from the up- 
per part of the 
tower, and pro- 
ceeding straight, 
will represent the 
image of that part at B, while the lower part C, for the same 
reason, will be represented at D. If a convex lens, with a short 
tube, be placed in the aperture through which the Hght passes 
into the room, the images of tilings will be much more perfect, 
and their colors more brilliant. 

This instrument is sometimes 

„ employed by painters, in order 

.. to obtain an exact delineation 

^ of a landscape, an outline of the 

image being easily taken with 

a pencil, when tbe image is 

thrown on a sheet of paper. 

There are several modifica- 
tions of this machine, and among 
them the revolving camera ob- 
scura is the most interesting. 

It consists of a small house, 
J^*/, 226, with a plane reflector 
A B, and a double-convex lens 
C B, placed at its top. The re- 
flector is fixed at an angle of 
45 degrees with the horizon, so 
as to reflect the rays of light 

perpendicularly downward, and is made to revolve quite around, 
in either direction, by pulling a string. 

Now suppose the small house to be placed in the open air 
with the mirror, A B, turned toward the east, then the rays of 
light flowing from the objects in that direction, will strike the 
mirror in the direction of the lines O, and be reflected down 
through the convex lens C B, to the table E E, where they will 




Camera Obscura. 
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millions <f mUeg. His diameter is 79,000 miles, making his 
bulk nearlj nine hundred ticncn greater than that of the Earth, 
but Dt^withstiuiding this vast size, be revulres on hia axis once 
in about ten hours. Saturn, therefore, performs upward of 
aSfiOO diurnal revolutions in one of his years, and hence his 
fear consists of more than 25,000 days ; a period of time equal 
to more than 10,000 of our days. On account of the remote 
distance of Saturn from the Sun, he receives only about a dOth 
part of tJie heat and light which we enjoy on the Earth. But 
to compcneate, in acme degree, fur this vast distance from the 
Sun, Batutn has seven moons, which revolve round him at dif- 
ferent distancea, and at various periods,, from I to 80 days. 

15J. Rings of Saturn. — Saturn is distinguished from the 
other planets by his ring, as Jupiter is by bis belt When this 
planet is viewed 




There are in- 
deed Iwo lumin- flWuni and kit Sing. 

ooB drclee, or 

rings, one within the other, with a dark space between them, so 
Uiat they do not appear to touch each other. Neither does the 
inner ring touch the body of the planet, tlicre being, by estima- 
tion, about the distance of thirty thousand miles between them. 

The eitemal circumference of the outer ring is 630,000 miles, 
and its breadth from the outer to the inner drcnmterence, 7,200 
miles, or nearly the diameter of our Earth. The dark space, 
between the two rings, or the interval between the inner and 
tLe outer ring, is 2,800 miles. 

A third ring, interior to those heretofore known, was discov- 
ered in 1861, by Mr. Bond, of Cambridge, Mass. 

This immense appendage revolves round the Sun with the 
planet, — performs daily revolutions with it, and, according to 



d outer ring? Wbat la th^ ctrcuinfvrencAcf thi 
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-that its focus can be adjusted to the required distance. Lastly, 
there is a screen of white cloth, placed at the proper distance, 
OB which the image or shadow of the picture, is seen greatly 
magnified. 

The pictures being of various colors, and so transparent, that 
the light of the lamp shines through them, the shadows are 
also of various colors, and thus soldiers and horsemen are repre- 
sented in their proper costume. 

CHROMATICS, OR THK PHILOSOPHY OF COLORS. 

94. We have thus far considered hght as a simple body, and 
Lave supposed that all its parts were equally refracted, in its 

Eassage, through the several lenses described. But it will now 
e shown that light is a compound body, and that each of its 
rays, which to us appear white, is composed of several colors, 
and that each color suffers a different degree of refraction, when 
the rays of light pass through a piece of glass, of a certain shape. 
Hiis was a discovery of Sir Isaac Newton. 

96. Solar Spectrum. — If a ray, proceeding from the sun, 
' 1>e admitted into a darkened chamber, through an aperture in 
^; the window shutter, and allowed to pass through a triangular 
'^ shaped piece of glass, called a prism, the light will be decom- 
posed, and instead of a spot of white, there will be seen, on the 
opposite wall, a most brilliant display of colors, including all 
those seen in the rainbow. 



FIG. 228. 
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JSMar Speetrum. 



Suppose S, Fiff. 228, to be a ray from the sun, admitted 
through the window shutter A, in such a direction as to fall on 

94. Wbo made the discovery, that liicht is a compound substance 1 95. In what 
manner, and by what means, is light decomposed ? 
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THE MOON. 

160. The Moon, next to the Sun, is, to us, the most brilliant 
and interesting of all the celestial bodies. Being the nearest to 
us of any of the heavenly orbs, and apparently designed for our 
use, she has been observed with great attention, and many of 
the phenomena which she presents, are therefore better under- 
stood and explained, than those of the other planets. 

While the Earth revolves round the sun in a year, it is at- 
tended by the Moon, which makes a revolution round tiie Earth 
once in 27 days, 7 hours, and 43 minutes. The distance of 
the Moon from the Earth is 240,000 miles, and her diameter 
about 2,000 miles. 

Her surface, when seen through a telescope, appears diversi- 
fied with hills, mountains, valleys, rocks, and plains, presenting 
a most interesting and curious aspect : but the explanation of 
these phenomena are reserved for another section. 



MAR8. 

151. The next planet in the solar system, is Mars, his orbit 
surrounding that of the Earth. The diameter of this planet is 
upward of 4,000 miles, being about half that of the Earth. 
The revolution of Mars around the Sun is performed in nearly 
687 days, or in somewhat less than two of our years, and he 
turns on his axis once in 24 hours and 40 minutes. His mean 
distance from the Sun is 144,000,000 of miles, so that he moves 
in his orbit at the rate of about 55,000 miles in an hour. The 
days and nights at this planet, and the different seasons of the 
jear, bear a considerable resemblance to those of the Earth. 
The density of Mars is less than that of the Earth, being only 
three times that of water. 

162. Telescopic View of Mars, — This planet, to the naked 
eye, reflects a yellowish, or dull red light, by which he may be 
distinguished from all the others. His telescopic appearance is 
quite peculiar, and often interesting, on account of the changes 
Lis face presents, being sometimes spotted, then striped, then 
clouded, and so on ; and sometimes all these figures appear at 



160. Why are the phenomena of the Moon better expIiUned than those of the other 
plaoetsi In what time is a revolution of the Moon about the Earth performed 1 
What is the distance of the Moon from the Earth 1 151. What is the diameter of 
Mars 1 How much lonf er is a year at Mars than our year 1 What is his rate of mo- 
tion in his orbit ? 152. What is his appearance through the telescope 1 How is it 
proved that Mars has an atmosphere of Rreat density 1 Why does Mars sometimes 
appear to us larger than at others 7 How great is t lie Sun's heat at Mars 1 
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NEPTUNE. 



Leverrier, a citizen of France, unknown to each other, pursuing 
this suggestion, both demonstrated, not only the existence of 
this undiscovered body, but showed within a few degrees the 
point in the heavens where it would be found, and where in 
truth the discovery was made. Dr. Galle, of Berlin, sweeping 
the heavens with his telescope, according to the directions dl 
these demonstrators, first saw the planet now called Neptune, on 
the 26th of September, 1846. Still Leverrier and Adams, by 
the common consent of astronomers and the scientific world, 
must have the honor of this discovery, ^^so that the discovery 
of Neptune, has happily crowned two heads with lam*els." 



FIG. 242. 



Herschel 




Relative Distance of the Planets. 

163. This planet was first called Leverrier^ but it seems that 
astronomers have long since determined that new ones shall 



163. What is said about calling new planets after tbeir discoyerers?* 
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not receive the names of their discoverers, but of some heathen 
divinity, and hence Herschel, the name of the discoverer, has 
been changed to Uranus, and Leverrier into Neptune. 

164. instance of Neptune, — It is stated^ in the table of the 
planets, that the distance of Neptune from the Sun, is 2,850 
millions of millions of miles. On this subject, a curious calcu- 
lator says, " Had Adam and Eve started on a railway, to go 
from Neptune to the Sun, at the rate of fifty miles an hour, 
they would not yet have arrived there, for this planet, at the 
above rate, is more than 6000 years from the center of our system." 

And yet this orb was discovered by the science of man. 

Relative Situations of the Planets. — Having now given 
a short account of each planet composing the solar system, the 
relative situations of their several orbits, with the exception of 
those of the Asteroids, are shown by Fig, 242. 

In this figure, the orbits are marked by the signs of each 
planet, of which the first, or that nearest the Sun, is Mercury, 
the next Venus, the third the Earth, the fourth Mars ; then 
come those of the Asteroids, then Jupiter, then Saturn, and 
lasUy HerscheL 

FIG. 2sa 




M«r^Mf Men-a Venua Earth X ^ 

•^T^o O O ( )'^"-«*^ 

Moon ^-o-^ 
Relative Sizes qf the Planets. 

Comparattvb Dimensions of the Planets. — ^The compara- 
tive dimensions of the planets are delineated at Fig. 243. 



164. How long would it take to go from our eystem lo Neptune, at the rate of fifty 
miles an hour 1 
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MOTIONS OF THE FLANETS. 



It is said, that when Sir Isaac Newton was near demonstra- 
ting the great truth, that gravity is the. cause which keeps Ibe 
heavenly bodies in their orbits, he became so agitated with the 
thoughts of the magnitude and consequences of this discovery, 
as to be unable to proceed with his demonstrations, and desir^ 
a friend to finish what the intensity of his feelings would not 
allow him to complete. 

We have seenj in a former part of this work, (183,) that all 
undisturbed motion is straight forward, and that a body pro- 
jected into open space, would continue, perpetuallj', to move in 
a right line, unless retarded or drawn ont of this course by some 
external cause. 

To account for the motions of the planets in their orbits, we 
will suppose that the Earth, at the time of its creation, was 
thrown by the hand of the Creator into open space, the Sun 
having been before created and fixed in his present place. 

165. Circular Motion of the Planets, — Under ComjHmiid 
Motion^ (190,) it has been shown, that when a body is acted on 
by two forces perpendicular to each other, its motion will be in 
a diagonal between the direction of the two forces. 

But we will again here sup- 
pose that a ball is moving in the ^*^' ^^ 
line M X, Fig, 244, with a given 
force, and that another force half 
as great should strike it in the 
direction of N, the ball would 
then describe the diagonal of a 
parallelogram, whose length 

would be just equal to twice its Diagonal Motion. 

bread th,^nd the line of the ball 

would be straight, because it would obey the impulse and direc- 
tion of these two forces only. 

Now let A. Fig, 245, represent the Earth, and S the Sun ; 
and suppose the Earth to be moving forward, in the line from 
A to B, and to have arrived at A, with a velocity sufficient, in 
a given time, and without disturbance, to have carried it to B. 
But at the point A, the Sun, S, acts upon the Earth with his 
attractive power, and with a force which would draw it to C, 




165. Suppose a body to be acted on by two forces perpendicular to each other, in 
what direction will it move? Why does the ball. Fig. 244, move in a straight linel 
Why does the Earth, Fig. 245, move in a curved line? Explain Fig. 245, and sliow 
DOW the two forces act to produce a c\tc\i\m V\n« of mottou 1 
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Millions of miltt. His diameter is 79,000 miles, making his 
bulk nearly nine hundred times greater than that of the Earth, 
bat DOtwiUislanding this vast eize, he revolves on his axis once 
in about ten hours. Saturn, therefore, perfortna upward of 
25,000 ^unial revolutions in one of his yenra, and hence his 
year consists of more than 25,000 days ; a period of time equal 
to more than 10,000 of our days. On account of the remote 
distance of Saturn from the Sun, he receives only about a SOih 
part of the heat and light which we enjoy on the Earth. But 
to compensate, in some degree, for this vast distance from the 
Sun, Saturn haa seven moons, which revolve round him at dif- 
ferent distances, and at various periods,, from I to SO days. 

157. Ring» of iSa(ur».— Saturn is distinguished from the 
other planets by hia rin^, as Jupiter is by his belt When this 
planet is viewed 




rings, one within the other, with a dark space between them, eo 
that they do not appear to touch each other. Neither does the 
inner ring touch the body of the planet, there being, by estima- 
tion, about the distance of thirty thousand miles between them. 

The external circumference of the outer ring is 630,000 miles, 
and its breadth from the outer to the inner circumference, 7,200 
miles, or nearly the diameter of our Earth. The dark space, 
between the two rings, or the interval between the inner and 
the outer ring, is 2,800 miles. 

A third ring, interior to those heretofore known, was discov- 
ered in 1851, by Mr. Bond, of Cambridge, Uass. 

This immense appendage revolves round the Sun with the 
planet, — performs daily revolutions with it, and, according to 
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Dr. Henchel, is n solid substance, equal in density to the bodj 
of tlio planet itselE 

The design of Saturn's ring, an appendage e 
differeDt from any thing presented by tlie other pluiets, hv 
always been a matter of speculation and inquiry ftraoog Mtree- 
omers. One of its most obvious uses appears to be th»t of le 
fli-cting the light of the Sun on the body of the planel, iw 
potwibly it may reflect the heat also, so aa in some d^rw to 
soften the rigor of bo inhospitable a climate. 

158. As oiis planet revolves around the Sun, one <tfitssda 
is illuminated dunng one half of the year, and the other ade 
during the other half; so thut, as Satnm's year k equal to 
thirty of our years, one of his sides m\l be enlightened i~* 
darkened, alternately, every fifteen years, as the poles of i 
Earth are alternately in the light and dark every year. 

Fip. 241 represents 
Saturn as seen by an """ "" 

eye, placed at right-an- 
giea to. the plane of his 
ling. When s«en from 
the Earth, his position is 
always oblique, as repre- 
sented by I'iff. 240. 

The inner white drcle 
represents the body of 
the planet, enlightened 
b^ the Sun. The dark 
circle next to this, is tho 
unenlightened space be- 
tween the body of the 
planet and the inner 
ring, being the dark ex- 
panse of the heavens be- 
yond the planet. The two white circles are the rings of tli« 
Slanet, with the dark space between them, which also is the 
ark expanse of the heavens. 
The eighth satellite of this planet, was discovered by Mr. 
Bond, the discoverer of this third ring, as above stated. 
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that thin plates, or minute particles of air, water, and some 
other substances, reflect certain rays, and absorb or transmit 
others, and that this is the cause of all their colors. ' 



CHAPTER XII. 

ASTRONOMY. 



112. This term is compounded of the Greek astro, the stars, 
and nomos a law ; and hence signifies the laws of the celestial 
bodies. 

Astronomy is that science which treats of the motions and 
appearance of the heavenly bodies ; accounts for th^ phenomena 
which these bodies exhibit to us ; and explains the laws hy which, 
their motions, or apparent motions, are regulated. 

Astronomy is di\dded into Descriptive, Physical, and Prac- 
tieal. 

Descriptive astronomy demonstrates the magnitudes, distances, 
and densities of the heavenly bodies, and explains the phenom- 
ena dependent on their motions, such as the change of seasons, 
and the vicissitudes of day and night 

Physical astronomy explains the theory of planetary motion, 
and the laws by which this motion is regulated and sustained. 

Practical astronomy details the description and use of astro- 
nomical instruments, and develops the nature and application 
of astronomical calculations. 

The heavenly bodies are divided into three distinct classes, or 
systems, namely, the solar system, consisting of the sun, moon, 
and planets ; the system of the fixed stars ; and the system of 
the comets, 

THE BOUIR STSTEM. 

113. T%e Solar System consists of the Sun, and forty-two 
other bodies, including the satellites, which revolve around him 
at various distances, and in various periods of time. 



112. What is astronomy 1 How is astronomy divided 7 What does detcriptivf 
astronomy teach 1 What is the object of physical astronomy 1 What is nractiol 
astronomy 1 How are the heaveuly bodies divided? 113. Of what does (be aote 
IBratem consist 1 
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These bodies, being perpetually in motion, are called planets, 
from a Greek word signifying wanderers, and they are distin- 
guished with reference to their centers of revolution, into 
primary and secondary, 

114. The Primary planets are those which revolve around 
the sun as their proper center. These are twelve in number ; 
that nearest the sun being Mercury, the others follow in succes- 
sion, thus: Venus, Earth, Mars, Vesta, Ceres, Pallas, Juno, 
Jupiter, Saturn, Ilerschel or Uranus, and Neptune. 

115. The Secondary planets are those which move round the 
primaries, as these move round the sun. Of these, there are 
nineteen, called also moons, or satellites. These, as we shall 
see, like their primaries, complete their revolutions at various 
periods of time. 



PRIMARY PLANETS. 



116. The following tabular view of the primary planets ex- 
hibits their respective diameters ; their distances from the sun ; 
the periods of their revolutions round the sun ; the periods of 
their revolutions round their axes, where this is known ; and 
their hourly motion through their several orbits. 



Name* 


Diamrter 


Dtataitrea 


Revolution 


Periods of revolu* 


flourlj 


of 


in Eii(iuh 


from the Sun in 


round 


tioa un their own 


motion in 


Um PUuMli. 


milra. 


English miln. 


the Sun. 


axes. 


milei. 








Dhth. 


Davs. Ifrs. M. 




Mercury, 


3,221 


37.000.001) 


'88 


15 5 


110,000 


Venait, 


7,a'i7 


68,000.000 


221} 


23 21 


80.000 


The Earth, 


7,912 


95.000.000 


365| 


1 


68,000 


Mars, 


4,189 


144,000,000 


687 


1 39 


55.000 


Vesta, 


238 


225,000,000 


1.335 


) 


45,000 


Cereii, 


163 


260,< 00.000 


1,681 


> Unkuown. 


41,000 


Pallas, 


80 


266.000.000 


1.680 


S 


41,000 


Juno, 


1.425 


275,000,000 


2,008 


I 3 


45,000 


Jupiter, 


89.170 


490.000,000 


4.330* 


9 56 


36,000 


Haturn. 


79,042 


900.000,000 


10,746! 


10 16 


22,000 


Herschel, 


a'>,112 


1.800,0no,000 


30.637. 


7 


15,000 


Neptune, 


35,000 


2350,000,000 


166 y 8. 


Unknown. 


Unk'wn. 



NoTB. The above table, taken from the last London (Prof. Hoblyn's) edition of 
our Philosophy, is believed to t>e correct, according to the most recent observations. 
It will be seen that in the descriptions of the planets, round numbers are generally 
employed, as being more easilv remembered— also that the periodic revoluiions of 
tbe planets are given in years, days and hours, instead of days only, as in the table. 



Ill, A Year, what, — A year consists of the time which ii 
takes a planet to perform one complete revolution through its 

114. What are the bodies called, which revolve around the Sun as a center? 115 
What are those planets called which revolve around these primaries as a center 1 
116. In what order are the several planets situated in respect to tiie Sun 7 How long 
does it take each planet to make its revolution around the Sun 1 117. What is a year 1 
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orbit, or to pass once around the Sun. Our Earth perform 
this revolution in about 365 days, and therefore this is the 
period of our year. Mercury completes his revolution in 88 
days, and therefore his year is no longer than 88 of onr dsi^ 
But the planet Ilerschel is situated at such a distance from tibe 
Sun, that his revolution is not completed in less than about 84 
of our years. The other planets complete their revolutioiH ift 
various periods of time, between these ; so that the time of tiien 
periods is generally in proportion to the distance of each pbiet 
from the Sun. 

118. Besides the above enumerated primary planets, ourijfi*' 
tem contains nineteen secondary planets, or moons. Of tiicM^ 
our Earth has one moon, Jupiter four, Saturn eighty and Htf* 
schel six. None of these moons, except our own, and oneor 
two of Saturn's, can be seen without a telescope. The seva 
other planets, so far as has been discovered, are entirely wilfc- 
out moons. 

119. All the planets move around the Sun from west toeis^ 
and in the same direction do the moons revolve around thdr 
primaries, with the exception of those of Herschel, which app^v 
to revolve in a contrary direction. 

NEW PLANETS AND ASTEROIDS. 

120. The following table contains the names of the ner 
planets and asteroids, with the date, place of discovery, and the 
name of the discoverer. 



Name. 



Uranus, . . 
Ceres, . . , 
Pallas, . . 
Juno, . . . 
Vesta, . , 
Astraea, . . 
Neptune, . 
Hebe, . . . 
Iris, . . . 
Flora, . . . 
Metis, . . 
Hygeia, . . 
Parthenope, 
Cb*o, . . , 
Egeria, . . 
Irene, . . . 
New Planet, 



When discovered. 



March 13, 
Jan. 1, 
March 28, 
Sept. 1 , 
March 29, 
Dec. 8, 



Sept. 

July 

Aug. 

Oct. 

April 

April 

May 

Sept. 

Nov. 

May 

July 



23, 

1, 
13, 

18, 

25, 

12, 

13, 

13, 

2, 
20, 
29, 



1781. 
1801. 
1802. 
1804. 
1807. 
1845. 
1846. 
1847. 
1847. 
1847. 
1848. 
1849. 
1850. 
1850. 
1850. 
1850. 
1851. 



By whom. 



Where. 



Herschel, 


Slough. 


Piazzi, 


Palermo. 


Olbers, 


Bremen. 


Harding, 


DlienthraL 


Olbers, 


Bremen. 


Hencke, 


Driessen. 


GaUe, 


Berlin. 


Hencke, 


Driessen. 


Hind, 


London. 


Hind, 


London. 


Graham, 


Marknee. 


Gasparis, 


Naples. 


Crasparis, 


Naples. 


Hind, 


London. 


Gasparis, 


Naples. 


Hind, 


Lcnidoo. 


Gasparis, 


LoodoL 
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-' The preceding table is taken from the American Almanac 
for 1852. 

' With the exception of Uranus, or Herschel, and Neptune, 
these planets are called Asteroids^ meaning star-like, or more 
recently Pianetoids, planet-like, on account of their diminutive 
■ises, and in order to distinguish them from the larger planets. 

121. Mr. Hind proposed Victoria, or Clio, for the name of 
the planet which he discovered on the 13 th of September, and 
at first the name of the Queen was adopted by many foreign 
astronomers. But it seems that the scientific world have long 
since refused to name planets after their discoverers, or their 
patrons, or indeed after any mortal individual, choosing to adopt 
tor them the names of heathen deities, thus following the 
ancient custom in this respect. 

122. Number of New, or Recently Discovered Celestial 
Bodies. — ^In our former edition, the solar system was stated to 
consist of the Sun, and twenty-nine bodies revolving around 
him. At the present time, the number has increased to foily- 
one, namely, the planet Neptune, and eleven Asteroids, the 
names and dates of discovery of which, are contained in the 

E receding table. It has been stated also, that an eighth satel- 
te of Saturn has been discovered, but of this, we have obtained 
no certain account. 

The power and perfection of new astronomical instruments, 
will probably lead to further celestial discoveries, of which the 
world at present can have no conception. 

123. The following table contains the distances of the Aste- 
roids, or what recently have been called the Planetoids, from the 
Sun. 

The radius of the Earth's orbit, in these computations, is as- 
sumed to be 95,000,000 of miles. 

Names. Distances from the Sun in Miles. 

1. Flora, 209,160,265 

2. Clio, 221,813,220 

3. Vesta,. . \ 224,302,695 

4. Iris, 226,169,280 

5. Metis, 226,632,665 



118. How many moons does our system contain 1 Which of the planets are at* 
«fided by mocns. and how many has each ? 119. In what direction do the planets 
ttove around the Sun 1 121. What is said with res})ect to the names of the planets 1 
122. What number of revolving celestial bodies were formerly known 1 How many 
lave recently been discovered, and what are they called ) tSQ. In the abovs tabM 
irhat is the estimated distance of the Sun 1 
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Circular Motion of the Planets. 



in the same space of time a™* ^* b 

that it would otherwise 
have gone to B. Then the 
Esurth, instead of passing to 
B, in a straight line, would 
be drawn down to D, the 
diagonal of the parallelo- 
gram, A B D C. The line 
of direction, in Fi^, 244, 
is straight^ because the 
body moved, obeys only 
the direction of the two 
forces, but it is curved from 
A to D, Fig, 245, in con- 
sequence of the continued force of the Sun's attraction, which 
produces a constant deviation from a right line. 

When the Earth arrives at D, still retaining its projectile or 
centrifugal force, its line of direction would be toward N, but 
while it would pass along to N without disturbance, the attract- 
ing force of the Sun is again sufficient to bring it to E, in a 
straight line, so that, in obedience to the two impulses, it again 
describes the curve to O. 

It must be remembered, in order to account for the circular 
motions of the planets, that the attractive force of the Sun is 
not exerted at once, or by a single impulse, as is the case with 
the cross forces, producing a straight line, but that this force is 
imparted by degrees, and is constant. It therefore acts equally 
on the Earth, in all parts of the course from A to D, and from 
D to 0, Fiff, 245. From O, the Earth having the same im- 
pulses as before, it moves in the same curved or circular direc- 
tion, and thus its motion is continued perpetually. 

166. The tendency of the Earth to move forward in a straight 
line, is called the centrifugal force^ and the attraction of the 
Sun, by which it is drawn downward, or toward a center, is 
called its centripetal f(yrce^ and it is by these two forces that the 
planets are made to perform their constant revolutions around 
the Sun, (197.) 

167. Elliptical Orbits, — In the above explanation, it has 
been supposed that the Sun's attraction, which constitutes the 
Earth's gravity, was at all times equal, or that the Earth was 
at an equal distance from the Sun, in all parts of its orbit. 



les. What 18 the projectile force of the Earth called 1 What is the attractive force 
of the Run, which draws the Elarth toward him, called 1 



ABTSONOUT. 
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Earth, and conBeqnentiy Ihej are called inferior planets. The 
orbits of all the other planeta are without, or exterior to that of 
tbe Earth, and these are called superior planets. 

126. That the orbits of Mercury and Venus are witliin that 
of the Earth, is evident from the circumatance that they are 
oever seen in opposition to the Sun, that is, tJiey never appi?ar 
in tbe west when tlie Sud ia in the east On the contrai^ the 
orbits of all the other planets are proved to be outside of the 
Earth's, since these planets are sometimes seen in opposition to 
the Sun. =*■ , 

This will be understood by Fig. 232, where suppose S to be 
JOm Sun, M the orbit of Mercury or Venus, E the orbit of the 
"Earth, and J that of Jupiter. Now, it is evident, that if a 
'spectator be placed any where on the Earth's orbit, as at E, ho 
'SoaT eometimes see Jupiter in opposition to the Sun, as at J, 
Iwcsuse then the spectator would be between Jupiter and the 
'Sun. But the orbit of Venus, being Burronnded by that of the 
;Barth, she never can come in opposition to the Sun, or in that 
' mut of the heavens opposite to him, as seen by us, because our 
£Mth never passes between her and the Sun. 

Flfl. 032. 




OrW* fT Us J>laiiai. 



127. OrJntt Elliptical. — It has already been slated, that the 

orbits of the planets are elliptical, (134,) and that, consequently, 

' these bodies are eometjmes nearer the Sun than at others. An 



out )I1 Bip'aln Fii S32. and Bho> 
xlIilMI 10 the Sun. 127. Wlnl <ar fhi 
Dl bjr perlhrllon 1 Wbal bj sptuUon 
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169. Why the Planets do not Fall to the Sun, — The reason 
why the planets, when they approach near the Sun, do not fall 
to him, in consequence of his increased attraction, and why 
they do not fly off* into open space, when they recede to the 
greatest distance from him, may be thus explained. 

Taking the Earth as an example, we have shown that when 
in the part of her orbit nearest the Sun, her velocity is greatly 
increased by his attraction, and that consequently the Earth's 
centrifugal force is increased in proportion. 

170. Now, the velocity of the earth increases in an inverse 
proportion, as its distance from the Sun diminishes, and in pro- 
portion to the increase of velocity is its centrifugal force in- 
creased; so that, in any other part of its orbit, except when 
nearest the Sun, this increase of velocity would carry the Earth 
away from its center of attraction. But this increase of the 
Earth's velocity is caused by its near approach to the Sun, and 
consequently the Sun's attraction is increased, as well as the 
Earth's velocity. In other terms, when the centrifugal force is 
increased, the centripetal force is increased in proportion, and 
thus, while the centrifugal force prevents the Earth from falling 
to the Sun, the centripetal force prevents it from moving off" in 
a straight line. 

THE EARTH. 

1 71. Proofs of the EartKs Diurnal Revolution. — It is almost 
universally believed, at the present day, that the apparent daily 
motion of the heavenly bodies from east to west, is caused by 
the real motion of the Earth from west to east, and yet there 
are comparatively few who have examined the evidence on 
which this belief is founded. For this reason, we will here state 
the most obvious, and to a common observer, the most convinc- 
ing proofe of the Earth's revolution. These *are, first, the in- 
conceivable velocity of the heavenly bodies, and particularly the 
fixed stars, around the Earth, if she stands still. Second, the 
fact that all astronomers of the present age agree, that every 
phenomenon which the heavens present, can be best accounted 
for, by supposing the Earth to revolve. Third, the analogy to 
be drawn from many of the other planets, which are known 

109. How is it shown, that if the motion of a revolying body is increased, its pro- 
jectile force it) also increased 1 170. By what force is the Earth's velocity increased 
■us it approaches the Sun 1 When the Earth is neatest the Sun, why does it not fall 
to himl When the Earth's centrifugal force is greatest what prevents its flying 
from the Sun 1 171. What are the most obvious and convincing proofs that the Earth 
revolves on its axis 1 
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810 REVOLUTIONS OF THE EAKTU. 

the reach of his rays. The people who live within the arctic 
circle will, consequently, at this time, enjoy perpetual day. 

185. During this period, just the same proportion of the 
earth that is enlightened in the northern hpjnisphere, will be in 
total darkness in the opposite region of the southern hemisphere; 
so that while the people of the north are blessed with perpetual 
day, those of the south are groping in perpetual night Those 
who live near the arctic circle in the north temperate zone, will, 
during the Summer, come, for a few hours, within the regions 
of night, by the Earth's diurnal revolution ; and the greater the 
distance from the circle, the longer will be their nights, and the 
shorter their days. 

186. Hence, at this season, the days will be longer than tlie 
nights every where between the equator and the arctic drcle. ! 
At the equator, the days and nights will be equal, and between 
the equator and the south polar circle, the nights will be longer 
than the days, in the same proportion as the days are longer 
than the nights, from the equator to the arctic circle. 

187. The Sun always Shines on 1 80 Degrees of the JEarthA-K ' ^ 
It will be observed by a careful perusal of the above explana- 
tion of the seasons, and a close inspection of the figure by which 

it is illustrated, that the Sun constantly shines on a portion of 
the Earth equal to 90 degrees north, and 90 degrees south, 
from his place in the heavens, and consequently, that he always 
enlightens 1 80 degrees, or one half of the Earth. If, therefore, 
the axis of the Earth were perpendicular to the plane of its 
orbit, the daj^s and nights would every where be equal, for as 
the Earth performs its diurnal revolutions, there would be 12 
houi-s day, and 1 2 hours night. But since the inclination of its 
axis is 23^ degrees, the light of the Sun is thrown 23^ degrees 
farther in that direction, when the north pole is turned toward 
the Sun, than it would, had the Earth's axis no inclination. 
Now, as the Sun's light reaches only 90 degrees north or south 
of his place in the heavens, so when the arctic circle is enlight- 
ened, the antarctic circle must be in the dark ; for if the light 
reaches 23-^- degrees beyond the north pole, it must fall 23^ de- 
grees short of the south pole. 

188. As the Earth travels round the Sun, in his yearly cir- 
cuit, this inclination of the poles is alternately toward and from 

]S>. At what season is the whole antarctic circle in the dark 1 While the people 
near the north pole enjoy perpetual day, what is the situation of those near the sootb 
pole 1 186. At what season will the days be longer than the nights every where be- 
tween the equator and the arctic circle? 187. How many degrees does the Son's 
light reach, north and south of him, on the Earth 1 
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him. During our Winter, the north polar region is thrown be- 
yond the rays of the Sun, while a corresponding portion around 
the south pole enjoys the Sun's light. And thus, at the poles, 
there are alternately six months of darkness and Winter, and 
six months of sunshine and Summer. 

189. While we, in the northern hemisphere, are chilled by 
the cold blasts of Winter, the inhabitants of the southern hem- 
isphere are enjoying all the delights of Summer; and while 
we are scorched by the rays of a vertical Sun in June and July, 
our southern neighbors are shivering with the rigors of mid- 
Winter. 

190. At the equator, no such changes take place. The rays 
of the Sun, as the Earth passes round him, are vertical twice a 
year at every place between the tropics. Hence, at the equator, 
there are two Summers and no Winter, and as the Sun there 
constantly shines on the same half of the Earth in succession, 
the days and nights are always equal, there being 12 hours of 
light and 12 of darkness. -yL 

191. Velocity of the Earth. — The motion of the Earth 
round the Sun, is at the rate of 68,000 miles in an hour, while 
its motion on its own axis, at the equator, is at the rate of about 
1,042 miles in the hour. The equator being that part of the 
Earth most distant from its axis, the motion there is more rapid 
than toward the poles, in proportion to its greater distance from 
the axis of motion. 

192. The method of ascertaining the velocity of the Earth's 
motion, both in its orbit and round its axis, is simple and easily 
understood ; for by knowing the diameter of the Earth's orbit, 
its circumference is readily found, and as we know how long it 
takes the Earth to perform her yearly circuit, we have only to 
calculate what part of her journey she goes through in an hour. 
By the same principle, the hourly rotation of the Earth is as 
readily ascertained. 

193. We are insensible to these motions, because not only 
the Earth, but the atmosphere, and all terrestrial things, partake 
of the same motion, and there is no change in the relation of 
objects in consequence of it. 



188. During our Winter, is the north pole turned to or from the Sun 1 At the 
poles, how many days and nights are there in the year 1 189. When it is Winter in 
the northern hemisphere, what is the season in the southern hemisphere 7 190. At 
what rate does the Earth move around the Sun 1 What are the seasons at the equa- 
tor? 191. How fast does it move around its axis at theec|uator1 192. How is the 
velocity of the Rarth ascerlained 1 103. Why are we insensihle of the Earth's 
motion 7 
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CAinaS OF THB BEAT AND COLD OF THE KAflONB. 

194. We have seen that the Earth revolves round the Sun in 
an elliptical orbit, of which the Sun is one of the foci, and con- 
sequently that the Earth is nearer him, in one part of her orbit 
than in another. From the great difference we experience be- 
tween the heat of Summer and that of Winter, we should be 
led to suppose that the Earth must be much nearer the Sun in 
the hot season than in the cold. But when we come to inquire 
into this subject, and to ascei-tain the distance of the Sun at dif- 
ferent seasons of the year, we find that the great source of heat 
and light is nearest us during the cold of Winter, and at the 
greatest distance during the heat of Summer. 

195. It has been explained, under the article Optics^ (39,) 
that the angle of vision depends on the distance at which a 
body of given dimensions is seen. Now, on measuring the an- 
gular dimensions of the Sun, with accurate instruments, at dif- 
ferent seasons of the year, it has been found that his dimensions 
increase and diminish, and that these variations correspond ex- 
actly with the supposition that the Earth moves in an elliptical 
orbit. 

196. If, for instance, his apparent diameter be taken in 
March, and then again in July, it will be found to have dimin- 
ished, which diminution is only to be accounted for, by suppos- 
ing that he. is at a greater distance from the observer in July 
than in March. From July, his angular diameter gradually in- 
creases, till January, when it again diminishes, and continues to 
diminish, until July. By many observations, it is found, that 
the greatest apparent diameter of the Sun, and therefore his 
least distance from us, is in January, and his least diameter, and 
therefore his greatest distance, is in July. 

197. The actual difference is about three millions of miles, 
the Sun being that distance further from the Earth in July than 
in January. This, however, is only about one-sixtieth of his 
mean distance from us, and the difference we should experience 
in his heat, in consequence of this difference of distance, 
\^-ill therefore be very small. Perhaps the effect of his prox- 
imity to the Earth may diminish, in some small degree, the 
severity of Winter. 

194. At what season of the year is the Sun at the greatest, and at what season tbe 
least distance from the Earth 1 195. How is it ascertained that the Earth moyes in 
an elliptical orbit, by the appearance of the Sun ] 196. When does the San apnear 
under the greatest apparent diameter, and when under the least? 197. How mucb 
further is the Suu from us in July tlian in January ? What effect does this difference 
produce on the Earth 1 
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iBch way, for the poles, take hold of the north pole, and carry 
fc round the circle with the poles constantly parallel to the rod 
iaing above the table. The rod being inclined 23^ degrees 
W>in a perpendicular, the poles and axis will be inclined in the 
tAme degree, and thus the axis of the earth will be inclined to 
ihat of the ecliptic every where in the same degree, and lines 
irawil in the direction of the Earth's axis will be parallel to 
mch other in any part of its orbit 

'179. This will be understood by Fig. 247, where it will be 
IMW, that the poles of the Earth, in the several positions of A 
BO and D, being equally inclined, are parallel to each other. 
Supposing the lamp to represent the Sun, and the wire circle 
lihe- Earth's orbit, the actual position of the Earth, during its 
WMfaal revolution around the Sun, will be comprehended, and 
iC tike globe be turned on its axis, while passing round the lamp, 
the diurnal, or daily revolutions of tbe Earth will also be 
represented. 
V 

DAT AND NIGHT. 

180. Were the direction of the EartJCs cuds perpendicular to 
ike plane of its orbit^ the days and nights would he of equal 
length all the year^ for then jiist one half of the Earthy from 
pole to pole, would he enlightened, and at the same time the 
other half would he in darkness. 



FIG. 2ia 



N 





JDosr and Night. 

Suppose the line S o. Fig, 248, from the Sun to the Earth, 
io be the plane of the Earth's orbit, and that N S is the axis of 
lie Earth perpendicular to it, then it is obvious, that exactly 

^.^^__— ^^— —^-^— . 

179. How does it appear by Fig. 247, that the axis of the Earth is parallel to itself, 
ri all parts of its orbit? 180. How are the annual and diurnal revolutions of the 
^rth illustrate*] by Fig. 2487 Explain, by Fig. 248, why the days and nights would 
Very where be equal, were the axis of the Earth perpendicular to the plane of hJB 
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tion, and that only half the heat would be imparted. This is 
the effect produced by the Sun's rays in the Winter. They 
fall so obliquely on the Earth, as to occupy nearly double the 
space that the same number of rays do in the Summer. 

This is illustrated by Fig. 250, where the number of rays, 
both in Winter and Summer, are supposed to be the same. 
But, it will be observed, that the Winter rays, owing to their 
oblique direction, are spread over nearly twice as much surface 
as those of Summer. 

202. It may, however, be remarked, that the hottest season 
is not usually at the exact time of the year, when the Sun is 
most vertical, and the days the longest, as is the case toward the 
end of June, but some time afterward, as in July and August 

203. To account for this, it must be remembered, that when 
the^ Sun is nearly vertical, the Earth accumulates more heat by 
day than it gives out at night, and that this accumulation con- 
tinues to increase after the days begin to shorten, and, conse- 
quently, the greatest elevation of temperature is some time after 
tiie longest days. For the same reason, the thermometer gen- 
erally indicates the greatest degree of heat at two or three 
o'clock on each day, and not at twelve o'clock, when the Sun's 
rays are most powerful, 

f 

fIGURE OF THE EARTH. 

204. Astronomers have proved that all the planets, together 
with their satellites, have the shape of the sphere, or globe, and 
hence, by analogy, there was every reason to suppose that the 
Earth would be found of the same shape; and several phe- 
nomena tend to prove, beyond all doubt, that this is its form. 
The figure of the Earth is not, however, exactly that of a globe, 
or ball, because its diameter is about 34 miles less from pole to 
pole, than it is at the equator. But that its general figure is 
that of a sphere, or ball, is proved by many circumstances. 

205. When one is at sea, or standing on the sea-shore, the 
first part of a ship seen at a distance, is its mast As the vessel 
advances, the mast rises higher and higher above the horizon, 
and finally the hull, and whole ship, become visible. Now, 
were the Earth's surface an exact plane, no such appearance 



«r? . ^^ '® ^^^ actual difference of the Summer and Winter rays shown T 208. 
Why IS not the hottest season of the year at the period when the days are lonirest, 
and the Sun most vertical ? 203. How is this accounted for 1 2M. VVhat is the eeo- 
eral figure of the Earth ? How much less is tlie diameter of the Earth at the poles 
than at the equator ? 205. How is the convexity of the Earth proved, by th« ap- 
proach of a ship at sea? E^lain Fiff. 251. , / • -P 



REVOLUTIONS OF TUB SARTn. 



S09 



oilier. The Earth, in its yearly revolution, passes through each 
of these points. One is called the Summer, and the other the 
Winter solstice. ^Tie Sun is said to enter the Summer solstice 
cm the 21st of June] and at this time, in our hemisphere, the 
days are longest and the nights shortest <,0n the 21st of De- 
eember, he enters his Winter solstice,ywhen the length of the 
d«3rB and nights are reversed from what they were in June be- 
fim, the days being shortest, and the nights longest. 

Haying learned these explanations, the student will be able 
to understand in what order the seasons succeed each other, 
and the reason why such changes are the effect of the Earth's 
■evolution. 
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184. Suppose the Earth, Fig. 249, to be in her Summer 
solstice, which takes place on the 21st of June. At this period 
«he will be at A, having her north pole, N so inclined toward 
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Seasons of the Year. 

tbe Sun, that the whole arctic circle will be illuminated, and 
consequently the Sun's rays will extend 23^ deg:rees, the breadth 
of the polar xjircle, beyond the north pole. The diurnal revolu- 
tion, therefore, when the Earth is at A, causes no succession of 
' day and night at the pole, since the whole frigid zone is within 



181. At what season of the year is the whole arctic circle illuminated } 
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rapidly, by means of a stick passing through its center, as an 
axis, it will swell out in the middle, or equator, and be de- 
pressed at the poles, assuming the precise figure of the Earth. 

208. Centrifugal Force, — The eflfects of centrifugal force are 
very satisfactorily illustrated in the following manner : — 

Two hoops of thin 
iron are placed upon Fio. 28B. 

an axis which passes 
through their poles, as 
shown by Fig, 252. 
The two poles of each 
hoop cross each other 
at right-angles, and 
are fastened together, 
and to the axis at the 
bottom. At the up- 
per end they slide up 
and down on the axis, 
which is turned rap- 
idly by wheel -work as 
represented. These 
hoops, before the mo- 
tion begins, have an 
oval form, but when 
turned rapidly, the 
centrifugal force occa- 
sions them to expand, 
or swell at the equator, while they are depressed at the poles, the 
two polar regions becoming no more distant than A and B. 

209. The weight of a body at the poles is found to be greater 
than at the equator, not only because the poles are nearer the 
center of the Earth than the equator, but because the centrifu- 
gal force there tends to lessen its gravity. The wheels of ma- 
chines, which revolve with the greatest rapidity, are made in 
the strongest manner, otherwise 3iey vnll fly in pieces, the cen- 
trifugal force not only overcoming the gravity, but the cohesion 
of their parts. 

210. It has been found, by calculation, that if the Earth 
turned over once in 84 minutes and 43 seconds, the centrifugal 




Depresnon* of the Poles. 



208. Explain Fig. 252, and show how it illufstrates the form of the earth. 209. What 
two causes render the weights of bodies less at the equator than at the poles 1 210. 
What would be the consequence on the weights of Dodies at the equator, did the 
Earth turn ovf r once in 84 minutes and 43 seconds ? 
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liiiii. During our Winter, the north polar region is thrown be- 
yond the rays of the Sun, while a corresponding portion around 
-the south pole enjoya the Sun's light. And thus, at the poles, 
r there are alternately six months of darkness and Winter, and 

mx months of sunshine and Summer. 
1 189. While we, in the northern hemisphere, are chilled by 
g. the cold blasts of Winter, the inhabitants of the southern hem- 
|;:ivphere are enjoying all the delights of Summer; and while 
If; we are scorched by the rays of a veitical Sun in June and July, 
>j.0iir southern neighbors are shivering with the rigors of mid- 
j /Winter. 

190. At the equator, no such changes take place. The rays 
., of the Sun, as the Earth passes round him, are vertical twice a 
, -year at every place between the tropics. Hence, at the equator, 
.- there are two Summers and no Winter, and as the Sun there 
^ eonstantly shines on the same half of the Earth in succession, 
;. the days and nights are always equal, there being 12 hours of 

light and 12 of darkness. -yL 

191. Velocity of the Earth. — The motion of the Earth 
roand the Sun, is at the rate of G 8,000 miles in an hour, while 
its motion on its own axis, at the equator, is at the rate of about 
1,042 miles in the hour. The equator being that part of the 
ll^rth most distant from its axis, the motion there is more rapid 
than toward the poles, in proportion to its greater distance from 
the axis of motion. 

192. The method of ascertaining the velocity of the Earth's 
motion, both in its orbit and round its axis, is simple and easily 
understood ; for by knowing the diameter of the Earth's orbit, 
its circumference is readily found, and as we know how long it 
takes the Earth to perform her yearly circuit, we have only to 
calculate what part of her journey she goes through in an hour. 
By the same principle, the hourly rotation of the Earth is as 
readily ascertained. 

193. We are insensible to these motions, because not only 
the Earth, but the atmosphere, and all terrestrial things, pai-take 
of the same motion, and there is no change in the relation of 
objects in consequence of it. 



188. During our Winter, is the north pole turned to or from tiie Sun ? At the 
potes, how many days and nights are there in the year 7 189. When it is Winter in 
the northern hemisphere, what is the season in the southern hemisphere 7 190. At 
what rate does the Earth move around the Sun 1 What are the seasons at the equa- 
tor 1 191. How fast does it move around its axis at theecfuator? 192. How is the 
velocity of the Earth ascerlained? 193. Why are we insensible of the Earth's 
motion ? 
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a day happens to a traveler, who, in passing round the Earth 
to the west, reckons his time by the rising and setting of the 
Sun. If he passes round toward the east, he will gain a day 
for the same reason. _ 

' SaUATION OF TIME. 

214. As the motion of the Earth about its axis is perfectly 
uniform, the siderial days are exactly of the same length, in all 
parts of the year. But as the orbit of the Earth, or the appa- 
rent path of the Sun, is inclined to the Earth's axis, and as the 
Earth moves with different velocities in different parts of its 
orbit, the solar, or natural days, are sometimes greater and 
sometimes less than 24 hours, as shown by an accurate clock. 
The consequence is, that a true sun-dial, or noon mark, and a 
time time-piece, agree with each other only a few times in a 
year. The difference between the sun-dial and clock, thus 
shown, is called the equation of time. 

215. The difference between the Sun and a well regulated 
clock, thus arises from two causes, the inclination of the Earth's 
axis to the ecliptic, and the elliptical form of the Earth's orbit 

That the Earth moves in an ellipse, and that its motion is 
more rapid sometimes than at others, as well as that the Earth's 
axis is inclined to the ecliptic, have already been explained and 
illustrated. It remains, therefore, to show how these two com- 
bined causes, the elliptical form of the orbit, and the inclination 
of the axis, produce the disagreement between the Sun and 
clock. 

MEAN TIME. 

216. Equal, or mean time, is that which is reckoned by a 
clock, supposed to indicate exactly 24 hours, from 12 o'clock on 
one day, to 12 o'clock on the next day. Apparent time, is 
that which is measured by the apparent motion of the Sun in 
the heavens, as indicated by a meridian line, or sun-dial. 

217. Were the Earth's orbit a perfect circle, and her axis 
perpendicular to the plane of this orbit, the days would be of a 
uniform length, and there would be no difference between the 
clock and the Sun ; both would indicate 12 o'clock at the same 



214. Why are the solar days sometimes greater, and sometimes less, than 21 
hours 7 What is the difference between the time of a sun-dial and clock called ? 215. 
What are the causes of the difference between the Sun and clock. 216. What is 
meant by equal, or mean time? 217. Were the Earth's orbit a perfect circle, and 
her axJB perpendicular to its plane, what would be the effect on timt 1 
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198. Temperature of Summer and Wtnler. — The heat of 
Bummer, and the cold of Winter, must therefore arise from the 
difference in the meridi:\n altitude of the Sun, and in the time 
of hia continuance above the horizon. In Summer, the solar 
rays fall on the Earth, in nearly a perpendicular direction, and 
hiB powerful heat is then constantly accumulatt^d by the long 
d«ys and Bhort nigbta of the season. 

199. In Winter, on the contrary, the solar rays fall so ol>- 
liquely on the Earth, aa to produce little warmth, and the small 
enect they do produce during the short days of that seaimn, is 
almost entirely destroyed by the long niglita which succeed. 
inie difference between the effects of perpendicular and oblique 
rays, seems to depend, in a great measure, on the different ex- 
tent of surface o?er which they are spread. 

200. When the rays of the San are made to pass through a 
convex lens, the heat is increased because the number of rays 
which naturally cover a large surface arc then made to cover a 
•mailer one, so that the pow r of the glass depends on the num- 
ber of rays thus brougl t to a focus If on the contrary, the 
rays of the Sun are suffered to pass through a concave lens, 
their natural heating power s d m n shed because they are dis- 
persed, or spread over a wider surface than before 

201. Summer and 

Winter Jiaye.—tloyf ^'^ ^ 

to apply these differ 
ent e^icCs to the Sum 
mer and Winter rays 
of the Sun, let us sup- 
pose that the ra3rs fall 
ing perpendicularly on 
a given extent of sur 
&ce, impart to it a 
certain degree of heat, 
then it is obvious, that 
if the same number of 
rays be spread over 
twice that extent of 
Bir&ce, their heating 
power would be di- 
minished in propor- 
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during that time, which is more than the twelfth part of her 
orbit, there being more than twelve lunar periods in the year. 

222. Illuistratimi hy the Hands of a Watch. — These two 
revolutions may be familiarly illustrated by the motions of the 
hour and minute hands of a watch. Let us suppose the 12 
hours marked on the dial plate of a watch to represent the 12 
signs of the zodiac through which the Sun seems to pass in his 
yearly revolution, while the hour hand of the watch represents 
the Sun, and the minute hand the Moon. Then, as the hour 
hand goes around the dial plate once in 12 hours, so the Sun 
apparently goes around the zodiac once in twelve months ; and 
as the minute hand makes 12 revolutions to one of the hour 
hand, so the Moon makes 12 revolutions to one of the Sun. 
But the Moon, or minute hand, must go more than once round, 
from any point on the circle, where it last came in conjunction 
with the Sun, or hour hand, to overtake it again, since the hour 
hand will have moved forward of the place where it was last 
overtaken, and consequently the next jjonjunction niust be for- 
ward of the place where the last hap j^ned. During an hour, 
the hour hand describes the twelfth part of the circle, but the 
minute hand has not only to go round the whole circle in an 
hour, but also such a portion of it as the hour hand has moved 
forward since they la^met. Thus, at 12 o'clock, the hands are 
in conjunction; the next conjunction is 6 minutes 27 seconds 
past I o'clock; the next, 10 min. 54 sec. past II o'clock; the 
third, 16 min. 21 sec. past III; the 4th, 21 min. 49 sec. past 
IV ; the 5th, 27 min. 10 sec. past V ; the Cth, 32 min. 43 sec. 
past VI; the 7th, 38 min. 10 sec. past-VII ; the 8th, 43 min. 
38 sec. past VIII; the 9th, 49 min. 5 sec. past IX; the 10th, 
64 min. 32 sec. past X ; and the next conjunction is at XII. 

223. The same principle is true in respect to the Moon ; for 
as the Earth advances in its orbit, it takes the Moon 2 days, 5 
hours and 1 minute longer to come again in conjunction with 
the Sun, than it does to make her monthly revolution round 
the Earth ; and this 2 days 5 hours and 1 minute being added 
to 27 days 7 hours and 43 minutes, the time of the periodical 
revolution, makes 29 days 12 hours and 44 minutes, the period 
of her synodical revolution. 

224. We only see one Side of the Moon. — The Moon always 

222. How are these two revolutions of the Moon illustrated by the two hands of a 
watch ? Mention the time of several conjunctions between the two hands of a 
^a\ch. 223. How much longer does it take the Moon to come again in conjunction 
With the Sun, than it does to perform her periodical revolution? 224. How is it 
proved that the Mooii makes but one revolution on her axis, as she passes around the 
Earth 7 
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FIG. 26L 

The Earth* » Omvexity 




Spheroidal Furm of the Earth, 

I 

would take place, for we should then see the hull long before 
the mast or rigging, because it is much the largest object 

It will be plain by Fig. 251, that were the ship, A, elevated 
8o that the hull should be on a horizontal line with the eye, the 
whole ship would be visible, instead of the topmast, there being 
BO reason, except the convexity of the earth, why the whole 
ship should not be visible at A, as well as at B. 

206. We know, for the same reason, that in passing over a 
hill, the tops of the trees are seen, before we can discover the 
ground on which they stand ; and that when a man approaches 
from the opposite side of a hill, his head is seen before his feet. 

It is a well known fact also, that navigators have set out from 
a particular port, and by sailing continually westward, have 
passed around the Earth, and again reached the port from which 
they sailed. This could never happen, were the Earth an ex- 
tended plain, since then the longer the navigator sailed in one 
direction, the further he would be from home. 

Another proof of the spheroidal form of the Earth, is the 
figure of its shadow on the Moon, during eclipses, which shadow 
is always bounded by a circular line. 

These circumstances prove beyond all doubt, that the form of 
the Earth is globular, but that it is not an exact sphere ; and 
that it is depressed or flattened at the poles, is shown by the 
difference in the lengths of pendulums vibrating seconds at the 
poles, and at the equator. 

207. The compression of the Earth at the poles, and the 
consequent accumulation of matter at the equator, is considered 
the effect of its diurnal revolution, while it was in a soft or 
plastic state. If a ball of soft clay, or putty, be made to revolve 



206. What other proofs of the globular shape of the Earth are mentioned 1 207. 
How is the form of the Earth illustrated by experiment 1 Explain the reason wHy a 
plastic ball wiL swell at the equator, when made to revolve. 
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Phaae9 qf the Moon, 

sented at a. The Sun always shines on one half of the Moon, 
in every direction, as represented at A and B, on the inner 
circle ; but "we at the Earth can see only such portions of the 
enlightened part as are turned toward us. After her change, 
when she has moved from A to B, a small part of her illumi- 
nated side comes in sight, and she appears horned, as at 6, and 
is then called the new Moon. When she arrives at C, several 
days afterward, one half of her disc is visible, and she appears 
as at c, her appearance being the same in both circles. At this 
point she is said to be in her first quarter^ because she has 
passed through a quarter of her orbit, and is 90 degrees from 
the place of her conjunction with the Sun. At D, she shows us 
still more of her enlightened side, and is then said to appear 
gibbous, as at c?. When she comes to F, her whole enlightened 
side is turned toward the Earth, and she appears in all the 
splendor of the/wW Moon. During the other half of her revo- 
lution she daily shows less and less of her illuminated side, 
until she again becomes invisible by her conjunction with the 
Sun. Thus in passing from her conjunction a, to her fiill e, the 
Moon appears every day to increase, while in going from her 
full to her conjunction again, she appears to us constantly ta, 
decrease, but as seen from the Sun, she appears always full 1^' 
^ 229. How the Earth appears at the Mom, — The earth, sqfen 
by the inhabitants of the Moon, exhibits the same phases that 

229. What is Paid concerning the phases of the Earth, as seen from the Mooni 
When does tlie Earth appear full at the Moon 1 
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force at the equator would be equal to the power of gravity 
there, and that bodies would entirely lose their weight. If the 
Earth revolved more rapidly than this, all the buildings, rocks, 
mountains, and men, at the equator, would not only lose their 
weight, but would fly away, and leave the Earth, as the water 
does from a revolving grindstone. 

BOLAR AND 8TDERIAL TIMS. 

211. The stars appear to go round the Earth in 23 hours, 
56 minutes, and 4 seconds, while the Sun appears to perform 
the same revolution in 24 hours, so that the stars gain 3 minutes 
and 66 seconds upon the Sun every day. In a year, this 
amounts to a day, or to the time taken by the Earth to per- 
form one diurnal revolution. It therefore happens, that when 
time is measured by the stars, there are 366 days in the year, 
or 366 diurnal revolutions of the Earth ; while, if measured by 
the Sun from one meridian to another, there are only 365 
"whole days in the year. The former are called the aiderialj 
and the latter solar days. 

212. Ktbe Earth had only a diurnal motion, her revolution, 
in respect to the Sun, would coincide exactly with the same 
revolution in respect to the stars ; but while she is making one 
revolution on her axis toward the east, she advances in the 
same direction about one degree in her orbit, so that to bring 
the same meridian toward the Sun, she must make a little more 
than one entire revolution. 

213. Thus, the Earth must complete one revolution, and a 
portion of a second revolution, equal to the space she has ad- 
vanced in her orbit, in order to bring the same meridian back 
again to the Sun. This small portion of a second revolution 
amounts daily to the 365th part of her circumference, and 
therefore, at the end of the year, to one entire rotation, and 
lience, in 365 days, the Earth actually turns on her axis 366 
times. Thus, as one complete rotation forms a siderial day, 
there must, in the year, be one siderial, more than there are 
solar days, one rotation of the Earth, with respect to the Sun, 
being lost, by the Earth's yearly revolution. The same loss of 



211. The stars appear to mpve round the Earth in lesn time than the Snn ; what 
does the difference amount to in a year? (jVhat is the year measured by a star 
called ij ^at Is that measured by the Sun calledV 212. Had the Earth only a 
diurnarr^Intion, would the siderial and solar time agree 7 213. How many timet 
does the Earth turn on her axis in a vear 1 Why does sbt turn more times th«n 
there are days in the year 1 
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reetion opposite to him, just as the shadow of a man reaehii 
from the Sun, 

236.- Eclipses, what. — Eclipses are of two kinds, namely 
Lunar^ an eclipse of the Moon, and Solar, an eclipse of tbe 
Sun. The first is occasioned by the shadow of the Earth on 
the Moon, and the second by the shadow of the Moon on the 
Earth. 

Hence, in both cases, the two planets and the Sun must be in 
nearly a straight line with respect to each other. In eclipses 
of the Moon, the Earth is between the Sun and Moon ; and in 
eclipses of the Sun, the Moon is between the Earth and Sun. 

LUNAR ECLIPBES. 

236. When the Moon falls into the shadow of the Earth, 
the rays of the Sun are intercepted, or hid from her, and she 
then becomes eclipsed. 

When the Earth's shadow covers only a part of her face, as 
seen by us, she suflfers only a partial eclipse, one part of her 
disc being obscured, while the other part reflects the Sun's light 
But when her whole surface is obscured by the Earth's shadow, 
she then suffers a total eclipse, and of a duration proportionate 
to the distance she passes tnrough the Earth's shadow. 

FIO. 254. 




Eclipse of the Moon. 

237. Fig. 254 represents a total lunar eclipse ; the Moon 
being in the midst of the Earth's shadow. Now it will be ap- 
parent that in the situation of the Sun, Earth, and Moon, as 
represented in the figure, this eclipse will be visible from all 
parts of that hemisphere of the Earth which is next the Moon, 
and that the Moon's disc will be equally obscured, from what- 
ever point it is seen. When the moon passes through only a 



235. What occasions the hinar, and what the solar eclipse? 236. What is meant 
OY a partial, and what by a total eclipse 7 237. Whv is the same eclipse total at on* 
place, and only partial at another 1 
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part of the Earth's shadow, then she suffers only a partial 
eclipse, but this is also visible from the whole hemisphere next 
the Moon. It will be remembered that lunar eclipses happen 
only at full Moon, the Sun and Moon being in opposition, and 
the Earth between them. , 

SOLAR ECLIPSES. 

288. When the Moon passes between the Earth and Sun, 
there happens an eclipse of the Sun, because then the MoovCs 
ehadow falls upon the Earth. 

239. A total eclipse of the Sun happens often, but when it 
occurs, the total obscurity is confined to a small part of the 
Earth ; since the dark portion of the Moon's shadow never ex- 
ceeds 200 miles in diameter on the Earth. But the Moon's 
partial shadow, or penumbra, may cover a space on the Earth 
of more than 4,000 miles in diameter, within all which space 
the Sun will be more or less eclipsed. When the penumbra 
first touches the Earth, the eclipse begins at that place, and 
ends when the penumbra leaves it. But the eclipse will be 
total only where the dark shadow of the Moon touches the 
Earth. 

no. 255. 




Edipte of the Sfun. 

Fig. 255, represents an eclipse of the Sun, without regard to 
the penumbra, that it may be obser\'ed how small a part of the 
Earth the dark shadow of the Moon covers. To those who 
live within the limits of this shadow, the eclipse will be total, 
while to those who live in any direction around it, and within 
reach of the penumbra, it will be only partial. 

240. Solar eclipses are called annular, from annulus, a ring, 

238. Why is a total eclipse of the Snn confined to so small a part of the Earth 1 
239. What is meant by penumbra? What will be the difference in the asi>ect of the 
eclipse, whether the observer stands within the daric shadow, or only witnin the pe- 
nambra 7 240. What is meant by annular eclipses 1 Are annular eclipses ever total 
in any part of the Elarthl In annular eclipses, what part of the Moon's shadow 
reaches the Earth ) 
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when the Moon passes across the center of the Sun, hiding all 
his lip:ht, with the exception of a ring on his outer edge, which 
the Moon is too small to cover from the position in which it is 
seen. 

241. Umbra and Penumbra. — A solar eclipse, with the pe- 
numbra^ or light and shadow, D C, and the umhra^ or dark 
shadow, O, is seen in Fig, 256. 

When the Moon is at its greatest distance from the Earth, its 
shadow M O, sometimes terminates before it reaches the Earth, 
and then an observer standing directly under the point O, will 
see the outer edge of the Sun, forming a bright ring around the 
circumference of the Moon, thus forming an annular eclipse. 

FIG. 256. 




Umbra and Penumbra, 

The penumbra D C, is only a partial interception of the Sun's 
rays, and in annular eclipses it is this partial shadow only which 
reaches the Earth, while the umbra, or dark shadow, terminates 
in the air. Hence annular eclipses are never total in any part 
of the Earth. The penumbra, as already stated, may cover 
more than 4,000 miles of space, while the umbra never covers 
more than 200 miles in diameter; hence partial eclipses of the 
Sun may be seen by a vast number of inhabitants, while com- 
paratively few will witness the total eclipse. 

242. When there happens a total solar eclipse to us, we are 
eclipsed to the Moon, and when the Moon is eclipsed to us, an 
eclipse of the Sun happens to the Moon. To the Moon, an 
eclipse of the Earth can never be total, since her shadow covers 
only a small portion of the Eai'th's surface. Such an eclipse, 
therefore, at the Moon, appears only as a dark spot on the face 
^ of the Earth ; but when the Moon is eclipsed to us, the Sun is 
partially eclipsed to the Moon for several hours longer than the 
Moon is eclipsed to us. 

241 . What do penumbra, and umbra, mean 1 242. What is said conceminf edfiNKt 
of the Earth, as seen from the Moon t 
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presents the same side, or face, toward the Earth, and hence it 
18 evident that she turns on her axis but once, while she is per- 
forming one revolution round the Earth, so that the inhabitants 
of the Moon have but one day and night in the course of a 
lunar month. 

225. One half of the Moon is never in the dark, because 
when this half is not enlightened by the Sun, a strong light is 
reflected to her from the Earth, during the Sun's absence. 
The other half of the Moon enjoys alternately two weeks of the 
Sail's light, and two weeks of total darkness. 

Phases op the Moon. — One of the most interesting circum- 
stances to us, respecting the Moon, is the constant changes 
which she undergoes, in her passage around the Earth. When 
she first api)ear8, a day or two after her change, we c^in see 
only a small portion of her enlightened side, which is in the 
form, of a crescent ; and at this time she is commonly called 
new Moon. From this period she goes on increasing, or show- 
ing more and more of her face, every evening, until at last she 
becomes round, and her face is fully illuminated. She then 
begins again to decrease, by apparently losing a small section 
of her lace, and the next evening another small section from 
the same part, and so on, decreasing a little every day, until she 
entirely di8api)ears ; and having been absent a day or two, re- 
appears in the form of a crescent, or new Moon, as before. 

226. When the Moon disappears, she is said to be in con- 
junction, that is, she is in the same direction from us with the 
Sun. When she is full, she is said to be in opposition, that is, 

- she is in tliat part of the heavens opposite to the Sun, as seen 
, by us. 

227. The different appearances of the Moon from new U>full, 
■ and from full to change, are owing to her presenting different 

portions of her enlightened surface toward us at different times. 
These appearances are called phases of the Moon, and are easily 
• accounted for, and understood by the following figure. 

228. Let S, Fig. 253, be the Sun, E the Earth, and A, B, C, 
' D, F, the Moon in different parts of her orbit Now when the 

Moon changes, or is in conjunction with the Sun, as at A, her dark 
- aide is turned toward the Earth, and she is invisible, as repre- 



225. One half of the Moon is never in the dark ; explain why this is so. How long 
ta the day and night at the other half? How is it shown that the Moon rtlnes only 
by reflected lijrht ? 226. When is the Moon said to be in coiyunclioii with the Son, 
and when in opposiliou to the Sun 1 227. What are the phases of the Moon 1 ^ew 
Describe Fig. 2S3, and sliow how the Moon passes from change to fiiU, and nrom 
fail to change. | ^* 
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Moon's attraction would raise the tides only as she passed round 
the Earth. But as the Earth turns on her axis every 24 hours, 
and as the waters nearest the Moon, as at A, are constantly 
elevated, they will, in the course of 24 hours, move round the 
whole Earth, and consequently from this cause there will he 
high water at every place once in 24 hours. As the elevation 
of the waters under the Moon causes their depression at 90 de- 
gress distance on the opposite sides of the Earth, D and C, the 
point C will come to the same place, by the Earth's diurnal 
revolution, six hours after the point A, because C is one quarter 
of the circumference of the Earth from the point A, and there- 
fore, there will be low water at any given place six hours after 
it was high water at that place. 

248. But while it is high water under the Moon, in conse- 
quence of her direct attraction, it is also high water on the op- 
posite side of the Earth in consequence of her diminished 
attraction, and the Earth's centrifugal motion, and therefore it 
will be high water from this cause twelve hours after it was high 
water from the former cause, and six hours after it was low 
water from both causes. 

249. But while the Earth turns on her axis, the Moon 
advances in her orbit, and consequently any given point on the 
Earth will not come under the Moon on one day so soon as it 
did on the day before. For this reason, high or low water at 
any place comes about fifty minutes later on one day than it 
did the day before. 

Thus far we have considered no other attractive influence ex- 
cept that of the Moon, as affecting the waters of the ocean. 
But the Sun, as already observed, has an effect upon the tides, 
though on account of his great distance, his influence is small 
when compared with that of the Moon. 

250. When the Sun and Moon are in conjunction, as repre- 
sented in Fig, 257, which takes place at her change, or when 
they are in opposition, which takes place at full Moon, then 
their forces are united, or act on the waters in the same direc- 
tion, and consequently the tides are elevated higher than usual, 
and on this account are called spring tides. -^^ 

251. Neap Tides, — But when the Moon is in her quadra- 
tures, or quarters, the attraction of the Sun tends to counteract 



248. When it is high water under the Moon by her attraction, what in the canae of 
hijfh water on the opposite side of the Earth, at the fame timei 349. Why are the 
tides about fifty minutes later every dayl 250. What produces sprini^ tidesl 
Where must the Moon be in r»spect to the Sun, to prcduce spring tides? 261 
What is the occasion of neap tides? 
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the Moon does to us, but in a contrary order. When the Moon 
is in her conjunction, and consequently invisible to us, the 
jEIarth appears full to the people of the Moon, and when the 
Moon is full to us, the Earth is dark to them. » 

230. Tke Earth shines upon the Moon. — ^That the Earth 
Bhines upon the Moon, as the Moon does upon us, is proved by 
the fact that the outline of her disc may be seen, when only a 

- part of it is enlightened by the Sun. Thus when the sky is 
l-lolear, and the Moon only two or three days old, it is not un- 
common to see the brilliant new Moon, with her horns enlight- 
ened by the Sun, and at the same time the old Moon faintly 
illuminated by reflection from the Earth. This phenomenon is 
sometimes called " the old Moon in the new Moon's arms." 

231. It was a disputed point among former astronomers, 
■whether the Moon has an atmosphere ; but the more recent 
discoveries have decided that she has an atmosphere, though 
there is reason to believe that it is much less dense than ours. 

232. SurfcLce of the Moon. — When the Moon's surface is 
examined through a telescope, it is found to be wonderfully 
diversified, for besides the dark spots perceptible to the naked 
eye, there are seen extensive valleys, and long ridges of highly 
elevated mountains. 

Some of these mountains, according to Dr. Herschel, are 4 
miles high, while hollows more than three miles deep, and 
almost exactly circular, appear excavated on the plains. As- 
tronomers have been at vast labor to enumerate, figure, and de- 
scribe the mountains and spots on the surface of the Moon, so 
that the latitude and longitude of about 100 spots have been 
ascertained, and their names, shapes, and relative positions given. 
A still greater number of mountains have been named, and 
their heights and the lengths of their bases detailed. 

233. The deep caverns, and broken appearance of the Moon's 
surface, long since induced astronomers to believe that such 
effects were produced by volcanoes, and more recent discoveries 
have seemed to prove that this suggestion was not without 
foundation. 

^ ECUP8ES. 

234. Every planet and satellite in the Solar System^ is iU 
luminated by the Sun, and hence they cast shadows in the di- 

230. How {8 It known that the Earth shines upon the Moon, as the Moon does upon 
tisl 231. What is said concerning the Moon's atmosphere? ,2^H"^ high are 
flome of the mountains, and how deep the caverns of the Moon 1 233. What" Mia 
concerning the volcanoes of the Mooni 234. What is a lunar, and what a aoUr 
•cHpse 1 
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cause every such place most be at the same distance from Qte 
equator. The length of a degree of latitude is 60 geographical 

253. Longitude is Ike distance measured in degrees and min- 
utes, either east or west, from any given point t/n the equator, or 
on any parallel of latitude. Hence the lines, or meridians of 
longitude, cross those of latitude at rigbt-angles. The degrees 
of longitude are 160 in number, its Unes extending half a circle 
to the east, and half a circle to the west, from any given me- 
ridian, so as to include the whole circumference of the Earth. 
A degree of longitude, at the equator, is of the same length as 
a degree of latitude, but as the poles are approached, tie de- 
grees of longitude diminish in length, because the Earth grom 
smaller in circumference from the equator toward the poles; 
hence the lines surrounding it become less and less. Th^ will 
be made obvious by Fig. 259. 

Let this figure represent the "*'■ *^- 

Earth, N being the north pole, 
S the south pole, and E W tlie 
equator. The lines 10, 20, 30, 
and BO on, are the parallels of 
latitude, and the lines N a 8, N 
b S, &c,, are meridian lines, or 
those of longitude. 

The latitude of any place on 
the globe, is the number of de- 
grees between that place and 
tbe equator, measureo on a me- 
ridian line ; thus, x is in lati- 
tude 40 degrees, because the x 
g part of the meridian contains 
40 degrees. The longitude of a place is the number of degraes 
it is situated east or west from any meridian hne ; thus, u is 20 
degrees west longitude from x, and x is 20 degrees east longi- 
tude from 11. 

254. As the equator divides the Earth into two equal parta, 
or hemispheres, there seems to be a natural reason why the de- 
grees of latitude should be reckoned from this great circle. But 




I*araiUtt of Lon^itudt. 
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from east to west there is no natural division of the Earth, each 
meridian line being a great circle, dividing the Earth into two 
hemispheres, and hence there is no natural reason why longi- 
tude should be reckoned from one meridian any more than an- 
other. It has, therefore, been customary for writers and mar- 
iners to reckon longitude from the capital of their own country ; 
as the English from London, the French from Paris, and the 
Americans from Washington. But this mode, it is apparent, 
must occasion much confusion, since each writer of a different 
nation would be obliged to correct the longitude of all other 
countries, to make it agree with his own. More recently, there- 
fore, the writers of Europe and America have selected the royal 
observatory, at Greenwich, near London, as the first meridian, 
and on most maps and charts lately published, longitude is 
reckoned from that place. ^ 

265. How Latitude is Found. — The latitude of any place is 
determined by taking the altitude of the Sun at raid-day, and 
then subtracting this from 90 degrees, making proper allow- 
ances for the Sun's place in the heavens. The reason of this 
will be understood, when it is considered that the whole num- 
ber of degrees from the zenith to the horizon is 90, and there- 
fore if we ascertain the Sun's distance from the horizon, that is, 
his altitude, by allowing for the Sun's declination north or south 
of the equator, and subtracting this from the whole number, the 
latitude of the place will be found. Thus, suppose that on the 
20th of March, when the Sun is at the equator, his altitude 
fi^om any place north of the equator should be found to be 48 
degrees above the horizon ; this, subtracted from 90, the whole 
number of the degrees of latitude, loaves 42, which will be the 
latitude of the place where the observation was made. 

256. If the Sun, at the time of observation, has a declination 
north or south of the equator, this declination must be added 
to, or subtracted from, tbe meridian altitude, as the case may 
be. For instance, another observation being taken at the place 
where the latitude was found to be 42, when the Sun had a 
declination of 8 degrees north, then his altitude would be 8 de- 
grees greater than before, and therefore 6Q^ instead of 48. 
Now, subtracting this 8, the Sun's declination, from 6Q^ and the 
remainder from 90, and the latitude of the place will be found 
42, as before. If the Sun's declination be south of the equator. 



235. now islhe latitude of a place determlued 1 Give an example of the method 
of finding the latitude of the same place at different sea-ous of the yearl 256. When 
muKt the Sun's declination from the equator be added to, and when subtracted from, 
his meridian altitude ? 
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and the latitude of the place north, his declination must be 
added to the meridian altitude instead of being subtracted from 
it The same result may be obtained by taking the meridian 
altitude of any of the iixed stars, whose declinations are known, 
nstead of the Sun*s, and proceeding as above directed. 

257. How Longitude is Found, — There is more difficulty in 
ascertaining the degrees of longitude, than those of latitude, 
because, as above stated, there is no fixed point, like that of the 
equator, from which its degrees are reckoned. The degrees of 
longitude are therefore estimated from Greenwich, and are as- 
certained by the following methods : — 

258. When the Sun comes to the meridian of any place, it 
is noon, or 12 o'clock, at that place, and therefore, since the 
equator is divided into 360 equal parts, or degrees, and since 
the Earth turns on its axis once in 24 hours, 16 degrees of the 
equator will correspond with one hour of time, for 360 degrees 
being divided by 24 hours, will give 15. The Earth, therefore, 
moves in her daily revolution, at the rate of 15 degrees for 
every hour of time. Now, as the apparent course of the Sun is 
from east to west, it is obvious that he will come to any me- 
ridian lying east of a given place, sooner than to one lying west 
of that place, and therefore it will be 12 o'clock to the east of 
any place, sooner than at that place, or to the west of it. 

259. When, therefore, it is noon at any one place, it will be 
1 o'clock at all places 15 degrees to the east of it, bigcause the 
Sun was at the meridian of such places an hour before ; and so, 
on the contrary, it will be 11 o'clock, 15 degrees west of the 
same place, because the Sun has still an hour to travel before 
he reaches the meridian of that place. It makes no difference, 
then, where the observer is placed, since, if it is 12 o'clock 
where he is, it will be 1 o'clock 15 degrees to the east of him, 
and 11 o'clock 15 degrees to the west of him, and so in this 
proportion, let the time be more or less. Now, if any celestial 
phenomenon should happen, such as an eclipse of the Moon, or 
of Jupiter's satellites, the difference of longitude between two 
places where it is observed, may be determined by the differ- 
ence of the times at which it appeared to take place. Thus, if 
the Moon enters the Earth's shadow at 6 o'clock in the evening, 
as seen at Philadelphia, and at half past 6 o'clock at another 

257. Why is there more difficulty in ascertaining the degrees of longitade tlwn of 
latitude? 258. How many degrees of longitude does the surface of the Earth para 
through in an hour? 269. Suppose it is noon at -any given place, what o'clock will 
it be fifteen degrees to the east of that place ? Explain the reason. How may lou^ 
lade be determined by an eclipse ? 
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243. The ebbing and flowing of the sea, which regularly 
takes place tmce in 24 hours, are called the tides. 

244. The cause of the tides, is the attraction of the Sun and 
Moon, but chieflj of the Moon, on the waters of the ocean. In 
virtue of the universal principle of gravitation, heretofore ex- 
plained, the Moon, by her attraction, draws, or raises the water 
toward her, but because the powder of attraction diminishes as 
tiie squares of the distances increjise, the waters, on the oppo- 
site side of the Earth, are not so much attracted as they are on 
the side nearest the Moon. 

245. The want of attraction, together with the greater cen- 
trifugal force of the Earth on its opposite side, produced in con- 
sequence of its greater distance from the common center of 
gravity, between the Earth and Moon, causes the waters to rise 
on the opposite side, at the same time that they are raised by 
direct attraction on the side nearest the Moon. 

Thus the waters are constantly elevated on the sides of the 
Earth opposite to each other above their common level, and 
consequently depressed at opposite points equally distant from 
these elevations. 

FIG. 257. 





Wuatration of the Tides. 

246. Let M, Fig, 25*7, be the Moon, and E the Earth, covered 
Tvith water. As the Moon passes round the Earth, its solid 
and fluid parts are equally attracted by her influence according 
to their densities ; but while the solid parts are at liberty to 
move only as a whole, the water obeys the slightest impulse, 
and thus tends toward the Moon where her attraction is the 
strongest. Consequently, the waters are perpetually elevated 
immediately imder the Moon. 

24*7. If, therefore, the Earth stood still, the influence of the 
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243. What are the tides 7 244. What is the cause of the tides 1 245. What camefl ;^ 

the tide to rise on the side of the Earth opposite to the Moon 1 246. Explain Fig. 2S7. 
247. If the Earth stood still, the tides would rise only as the Moon passes round th« 
Earth : what then causes the tides to rise twice in 24 hours ? 
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tilde. About 2,000 stars may be seen with the naked eye in 
the whole vault of the heavens, though only about 1,000 are 
above the horizon at the same time. Of these, about 17 are of 
the first magnitude, 50 of the second magnitude, and 150 of the 
third magnitude. The others are of the fourth, fifth, and sixth 
magnitudes, the last of which are the smallest that can be dis- 
tinguished with the naked eye. 

263. It might seem incredible, that on a clear night only 
about 1,000 stars arc visible, when on a single glance at the 
different parts of the firmament, their numbers appear innnraer- 
able. But this deception arises from the confused and hasty 
manner in which they are viewed ; for if we look steadily on a 
particular portion of sky, and count the stars contained within 
certain limits, we shall be surprised to find their number so few. 

264. The nearest fixed stars to our system, from the most 
accurate astronomical calculations, can not be nearer than 
20,000,000,000,000, or 20 trillions of miles from the Earth, a 
distance so immense, that light can not pass through it in less 
than three years. Hence, were these stars annihilated at the 
present time, their light would continue to flow toward us, and 
they would appear to be in the same situation to us, three years 
hence, that they do now. 

265. Our Sun, seen from the distance of the nearest fixed 
stars, would appear no larger than a star of the first magnitude 
does to us. These stars appear no larger to us, when the Earth 
is in that part of her orbit nearest to them, than they do, when 
she is in the opposite part of her orbit ; and as our distance 
from the Sun is 95,000,000 of miles, we mast be twice this 
distance, or the whole diameter of the Earth's orbit, nearer a 
given fixed star at one period of the year than at another. The 
difference, therefore, of 190,000,000 of miles, bears so small a 
proportion to the whole distance between us and the fixed stars, 
as to make no appreciable difference in their sizes, even when 
assisted by the most powerful telescopes. 

266. The amazing distances of the fixed stars may also be 
inferred from the return of comets to our system, after an ab- 
sence of several hundred years. 

The velocity with which some of these bodies move, when 

263. Why does there appear to be more stars than there reallr are? 264. What it 
the computed distance of the nearest tixed stars from the Earth ? How lon^ would 
it take liirht to reach us from the fixed stars 1 265. How large would our San ap* 
pear at the distance of the fixed stars ? What is said concerning the differeoce of the 
distance between the Earth and the fixed stars at difTerent seasons of the year, and 
of their diffr'rent appearance in consequence? 266. How may the distances of the 
fixed stars be inferred, by the long absence and return of comets 1 
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nearest the Sun, has been computed at nearly a million of miles 
in an hour, and although their velocities must be perpetually 
retarded, as they recede from the Sun, still, in 250 years of 
time, they must move through a space which to us would be 
infinite. The periodical return of one comet is known to be 
upward of 500 years, making more than 250 years in perform- 
ing its journey to the most remote part of its orbit, and as 
many in returning back to our system ; and that it must still 
always be nearer our system than the fixed stars, is proved by 
^ts return ; for by the laws of gravitation, did it approach nearer 
another system it would never again return to ours. 

26*7. From such proofs of the vast distances of the fixed stars, 
there can be no doubt that they shine with their own light, 
like our Sun, and hence the conclusion that they are Suns to 
other worlds, which move around them, as the planets do around 
our Sun. Their distances will, however, prevent our ever 
knowing, except by conjecture, whether this is the case or not, 
since, were they millions of times nearer us than they are, we 
should not be able to discover the reflected light of their planets. 

COMETS. 

268. Besides the planets, which move round the Sun in reg- 
ular order and in nearly circular orbits, there belongs to the 
solar system an unknown number of bodies called Comets^ which 
move round the Sun in orbits exceedingly eccentric, or elliptical, 
and whose appearance among our heavenly bodies is only occa- 
sional. Comets, to the naked eye, have no visible disc, but 
shine with a faint, glimmering light, and are accompanied by a 
train or tail, turned from the Sun, and which is sometimes of 
immense length. They appear in every region of the heavens, 
and move in every possible direction. 

269. Number and Periods of Comets. — The number of 
comets is unknown, though some astronomers suppose that 
there are nearly 500 belonging to our system. Ferguson, who 
wrote in about 1760, supposed that there were less than 30 
comets which made us occasional visits ; but since that period 
the elements of the orbits of nearly 100 of these bodies have 
been computed. 

Of these, however, there are only three whose periods of re- 
turn among us are known with any degree of certainty. The 



267. On what grounds is it supposed that the fixed stars are suns to other worlds 1 
269. yituBX number of comets are supposed to belong to our system 1 




fint of these has a period 
of "JB yean ; the second a 
period of 129 yeara ; and 
the third a period of 675 
years. The Uiird appeared 
in 1 680, and therefore can 
not be expected again until 
the year 2226. This 

cornel, Fiff. 260, in 1680, cwct ^ leea 

excit«d the most intense 
interest among the astronomers of Europe, on account trf hs 
gre»t apparent size and near approacli to onr BTsteni. In the 
most remote part of iU orbit, its distance fixim the Sun nas es- 
timated at about 11,200,000,000 of miles. At its Dearest ap- 
proach to the Sun, which was only about 50,000 miles, its 
velocity, according to Sir Isaac Newton, was 880,000 miles in 
an hour; and supposing it to have retained the Sun's heat, hke 
other solid bodies, its temperature must have been about 2,000 
times that of red hot iron. The tail of this comet was at least 
100,000,000 of miles long. 

270. In the Edinburgh Encyclopedia, article Aatronomi/, there 
is the most complete table of eomela yet published. This table 
contains the elements of 97 comets, calculated by different as- 
tronomers, down to the year 1808. 

From this table it appears that 24 comets have passed be- 
tween the Sun and the orbit of Mercury ; 33 between the orbits 
of Venus and the Earth; 15 between the orbits of the Earth 
and Mars ; 3 between the orbits of Mars and Ceres ; and 1 be- 
tween the orbits of Ceres and Jupiter. It also appears by this 
table that 49 comets have moved i^ound the Sun from west to 
east, and 48 from east to west. 

271. Nature of Comets. — Of the nature of these wandering 
planets very littlo is known. When examined by a telescope, 
they appear like a mass of vapors surrounding a dark nucleus. 
When the comet is at its perihelion, or nearest the SuD, its color 
seems to be heightened by the intense light or heat of that 
luminary, and it then often shines with more brilliancy thao 
the planets. At this time the tail or train, which is always 
directly opposite k> the Sun, appears at its greatest length, but 

mly so transparent as to permit the fixed stars to be 
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seen through it A variety of opinions have been advanced by 
astronomers concerning the nature and causes of these trains, 
bat no Batifl&ctory theory has been offered. 
. ' A new comet was discovered by Miss Mana Mitchell, of 
XTaiitacket, in October, 1847, for which she received the gold 
medal of the king of Denmark, offered for the first discovery of 
a sew comet in any country. ^_< 

riRALLAZ. 

272. Parallax is the difference between the true and apparent 
place of a celestial body. The apparent place is that in which 
the body seems to be when viewed from the surface of the 
Earth, the trtie place being that in which it would appear if 
seen from the center of the earth. 

This will be understood 
by Mg. 261, where if we fig. 26i. 

suppose a spectator placed 
at G, in the Earth's center, 
he would see the moon E, 
among the stars at I, whereas 
without changing the posi- 
tion of the moon, if that 
body is seen from A, on the 
Burfi^ of the Earth, it 
would appear among the 
stars at K. Now I is the 
true and K the apparent 
place of the moon, the space 
between them, being the 
Moon's parallax. 

The parallax of a body is greatest when on the sensible hor- 
izon, (170,) or at the moment when it becomes visible to the 
eye. From this point it diminishes until it reaches the zenith, 
or the highest place in the heavens, when its parallax ceases 
entirely. Thus it will be seen by the figure, that the parallax 
of the moon is less when at D, than it was at E, and that when 
it arrives at the zenith, Z, its position is the same whether seen 
from the center of the Earth, G, or from its surface, A. 

'The greater the distance of the heavenly body from the spec- 
tator, the less is its parallax. 




Diurnal ParaUas. 



272. What is parallax 1 What is the apparent place of a celestial body 1 What if 
the true place of such a body 1 Explain Fig. 261, and show why there is no parallax 
when the body is in the zenith 1 

15 
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Thus were the Moon at e instead of at E, Ler parallax would 
be only equal to J9 K, instead of I K. Hence the Moon, being 
the nearest celestial body, has the greatest parallax, the differ- 
ence of her place among the stars, when seen from the surface 
of the Earth, A, and the center G, being about 4,000 miles. 

273. Parallax of the Stars. — The stars are »t. ich immense 
distances from the Earth, that the difference of >u*tion between 
the center and surface of the Earth makes no perceptible change 
in their places, and hence thej have no parallax. 

274. Diurnal Parallax. — ^This applies to the solar system, 
and takes place every day in the apparent rotation of the planets 
around the Earth. The Moon, as above shown, has a parallax 
when she rises, which diminishes until she reaches the senith, 
when it ceases entirely ; the same is the case with the Sun and 
planets, which have sensible parallaxes. 

275. Annual Parallax. — ^This is the difference in the appa- 
rent phioes of the celestial bodies, as seen from the Earth at the 
opposite points of her orbit, during her annual revolution round 
the Sun. 

Suppose A, Fig. 262, _ "O. 2G& 

to be a stationary ce- 
lestial object, then as 
the Earth makes her an- 
nual revolution around 
the Sun S, this object 
at one time will appear 
among the stars at E, 
but six months after, 
when the Earth comes 

to the opposite point Annual ParaOas, 

in her orbit, the same 

object will be seen at C, the space from C to E being the an- 
nual parallax of the object A. But the distances of the stais 
are so great that the diameter of the Earth's orbit, or 190,000,000 
of miles make no difference in their apparent places. Were the 
fixed stars within 19,000,000,000,000, or 19 trilKons of miles, 
their distance could be told by their parallaxes. 

But since, as above stated, these celestial points have no sens- 
ible parallaxes, their distances must be greater than this, but 
how much is unknown. 




273. Why have the sUurs oo parallaxes t 274. What it diurnal parallax 1 27S. Whal 
H annual parallax t 
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|)laoe, then this place is half an h5ur, or Y-J- degrees, to the east 
tf€ 'Philadelphia, because Yi degrees of longitude are equal to 
limlf an hour of time. To apply these observations practically, 
|£ 18 only necessary that it should be known exactly at what 
tuane the eclipse takes place at a given point on the Earth, 
r 260. Use op the Chronometer. — Suppose two chronome- 
ters, which are known to go at exactly the same rate, are made 
ff^ indicate 12 o'clock by the meridian line at Greenwich, and 
flie one be taken to sea, while the other remains at Greenwich. 
Tlien suppose the captain, who takes his chronometer to sea, has 
occasion to know his longitude. In the first place, he ascer- 
ildiis, by an observation of the Sun, when it is 12 o'clock at 
:fll'e place where he is, and then by his time-piece, when it is 
^^ o'clock at Greenwich, and by allowing 15 degrees for every 
lUmr of the difference in time, he will know his precise longi- 
tede in any part of the world. 

* -261. For example, suppose the captain sails with his chro- 
Aometer for America, and after being several weeks at sea, finds 
by observation that it is 12 o'clock by the Sun, and at the same 
tfane finds by his chronometer, that it is 4 o'clock at Greenwich. 
^Hien, beCiiuse it is noon at his place of observation after it is 
noon at Greenwich, he knows that his longitude is west from 
Gh'eenwich, and by allowing 15 degrees for every hour of the 
Bifierence, his longitude is ascertained. Thus, 15 degrees, mul- 
fiplied by 4 hours, give 60 degrees of west longitude from 
Bireenwich. If it is noon at the place of observation, before it 
li' noon at Greenwich, then the captain knows that his longitude 
fil east, and his true place is found in the same manner. 

FIXED STARS. : 

^ 262. Tlie stars are called Jlxed, because they have been ob- 
served not to change their places with respect to each other. 
They may be distinguished by the naked eye from the planets 
Oif our system by their scintillations, or twinkling. The stars 
iire divided into classes, according to their magnitudes, and are 
called stars of the first, second, and so on to the sixth magni- 

260. Explain the principles on which longitude is determined by the chronometer. 

f\\. Suppose the captain finds by his chronometer that it is 12 o'clock where he is, 
lioars later than at Greenwich, what then would be his lonsritude? Suppose he 
S'nds it to be 12 o'clocic 4 hours earlier where he is, than at Greenwich, what then 
'-^iHiId be his longitude 1 262. Why are the stars called fixed "? How may the stars 
Ipfr distinguished from the planets? The stars are divided into classes, according to 
tbeir magnirudes ; how many classes are there 1 IIow manv stars may be seen 
^ivith the naked eye in the whole firmament? 
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SLEOTRICITY. 



electricity, and for obtaining indications of its presence, when it 
exists only in a feeble degree. Instruments for this purpose are 
termed Electroscopes, 

One of the simplest instruments of this kind consists of a me- 
tallic needle, terminated at each end by a light pith-ball, which 
is covered with gold leaf, and supported horizontally at its center 
by a fine point. Fig. 263. When a stick of sealing-wax, or a 
glass tube, is excited, and then presented to one of these balls, 
the motion of the needle on its pivot will indicate the electrical 
influence. 



FIO. 263. 



FIG. 264. 





Electroaeope. 



Electrical Attraetion. 



2*79. If an excited substance be brought near a ball made of 
pith, or cork, suspended by a silk thread, the ball will, in the 
first place, approach the electric, as at A, Fig, 264, indicating 
an attraction toward it, and if the position of the electric will 
allow, the ball will come into contact with the electric, and ad- 
here to it for a short time, and will then recede from it, show- 
ing that it is repelled, as at B. If, now, the ball which had 
touched the electric, be brought near another ball, which has 
had no communication with an excited substance, these two 
balls will attract each other, and come into contact ; after which 
they will repel' each other, as in the former case. 

It appears, thei-efore, that the excited body, as the stick of 
sealing-wax, imparts a portion of its electricity to the ball, and 
that when the ball is also electrified, a mutual repulsion then 
takes place between them. Afterwards, the ball, being electri- 
fied by contact with the electric, when brought near another 
ball not electrified, transfers a part of its electrical influence to 
that, after which these two balls repel each other, as in the 
former instance. 

280. Thus, when one substance has a greater or less quan- 

279. When do two electrified bodies attract, and when do they repel each other? 
280. How will two bodies act, one having more, and the other less, than the natoral 
quantity of electricity, when brought near each other t How will they «ct when 
both have more or lepe than their natural quantity 1 
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tity of electricity tban another, it will attract the other sub- 
stance, and when they are in contact will impart to it a portion 
of this superabundance ; but when they are both equally elec- 
trified, both having more or less than their natural quantity of 
electricity, they will repel each other. 

Electrical Theories. — ^To account for these phenomena, 
two theories have been advanced, one by Dr. Franklin, who 
supposes there is only one electrical fluid, and the other by 
Du Fay, who supposes that there are two distinct fluids. 

281. Franklin's Theory, — Dr. Franklin supposed that all 
terrestrial substances were pervaded with the electrical fluid, atfd 
that by exciting an electric, the equilibrium of this fluid was 
destroyed, so that one part of the excited body contained more 
than its natural quantity of electricity, and the other part less. 
If in this state a conductor of electricity, as a piece of metal, be 
brought near the excited part, the accumulated electricity would 
be imparted to it, and then this conductor would receive- more 
than its natural quantity of the electric fluid. This he called 
positive electricity. But if a conductor be connected with that 
part which has less than its ordinary share of the fluid, then 
the conductor parts with a share of its own, and therefore will 
then contain less than its natural quantity. This he called 
negative electricity. When one body positively and another 
negatively electrified, are connected by a conducting substance, 
the fluid rushes from the positive to the negative body, and the 
equilibrium is restored. Thus, bodies which are said to be pos- 
itively electrified, contain more than their natural quantity of 
electricity, while those which are negatively electrified, contain 
less than their natural quantity. 

282. Du Fay*s Theory. — ^The other theory is explained thus. 
When a piece of glass is excited and made to touch a pith-ball, 
as above stated, then that ball will attract another ball, after 
ir^hich they will mutually repel each other, and the same will 
happen if a piece of sealing-wax be used instead of the glass. 
But if a piece of excited glass, and another of wax, be made to 
touch two separate balls, they will attract each other ; that is, 
the ball which, received its electricity from the wax will attract 
that which received its electricity from the glass, and will be 



281. Explain Dr. Franklin's theory of electricity. What is meant by positive, and 
-wnat by negative electricity 1 What is the conpequence, when a positive and a neg- 
ative body are connected by a conductor? 28Q. Explain Du Fay's theory. When 
two balls are electrified, one with glass and the other with wax, will they attract or 
r«peleach other? What are the two electricities called? From what subfitanceg 
are tlie two electricities obtained ? 
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attracted by it Hence Du Fay concludes that electridty con* 
gists of two distinct fluids, which exist together in all bodies — 
that they have a mutual attraction for each other — that they 
are separated by the excitation of electrics, and that when thus 
separated, and transferred to non-electrics, as to the pith-balls, 
their mutual attraction causes the balls to rush toward each 
other. These two principles he called vitreous and resinotu 
electricity. The vitreous being obtained from glass, and the 
resinous from wax and other resinous substances. 

Dr. Franklin's theory is by far the most simple, and will ac- 
count for most of the electrical phenomena equally well with 
that of Du Fay, and therefore has been adopted by the most 
able and recent electricians. 

283. It is found that some substances conduct the electric 
fluid from a positive to a negative sur&ce with great facility, 
while others conduct it with difficulty, and others not at all. 
Substances of the first kind are called conductors^ and those of 
the last non-conductors. The electrics, or such substances as 
being excited, communicate electricity, are all non-conductors, 
while the non-electrics, or such substances as do not communi- 
cate electricity on being merely excited, are conductors. The 
conductors are the metals, charcoal, water, and other fluids, ex- 
cept the oils ; also smoke, steam, ice, and snow. The best con- 
ductors are gold, silver, platina, brass, and iron. 

The electrics, or non-conductors, are glass, amber, sulphur, 
resin, wax, silk, most hard stones, and the furs of some animals. 

A body is said to be insulated, when it is supported of sur- 
rounded by an electric. Thus, a stool standing on glass legs, 
is insulated, and a plate of metal laid on a pkte of glass, is 
insulated. y / ^ 

284. Electrical Machines, — ^When large quantities of the 
electric fluid are wanted for experiment, or for other purposes, 
it is procured by an electrical machine. These machines are of 
various forms, but all consist of an electric substance of consid- 
erable dimensions ; the rubber by which this is excited ; ^e 
prime conductor, on which the electric matter is accumulated ; 
the insulator, which prevents the fluid from escaping ; and ma- 
chinery, by which the electric is set in motion. 

Formerly a glass cylinder was employed as an electric, but 



283. What are conductors 1 What are non-conductors 1 What substancM arv 
conductors 1 What substances are the best conductors 1 What substances are elce- 
tries, or non-conductors 1 When is a body said to be insulated 1 281. What art 
the several parts of au electrical machine ) 
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IBOW receotly, round, flat plates of glass, called plate maehinei, 
«e used iDstead of cjlindera. This is a great improvement, 
aoce both aides of the plat« are exposed to electrical friction, 
while in the cylinder, the outside onfy could be excit«d. 

This machine is represented by Mff. 26d, and consists of a 
orcnlar plate of glass, from one to two or three feet in diameter, 
taming on an aiis of wood which passes through its center, 
Tbe plate is rubbed as it revolves, by two leather cushions, A 
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and B, fixed at opposite points of its drcumferenee, and by 
means of elastic shps of wood adjusted by screws, made to press 
on its surface. On the opposite side are two other cushions 
not seen, the plate revolviog between them. A hollow brass 
prime conductor, C, support^ by a glass standard D, is attached 
to the frame of the machine. On each side of the conductor 
are branches of the same metal, at the ends of which are sharp 
wires nearly touching the glass plate, andf by means of whica 
tbe electric fluid is collected and conveyed to the conductor. 

28&. Mode of Action. — The manner in which this machine 
ads is easilv understopd. The friction of the cushions against 
the glass plate, transfers the electrical fluid from the cuuiions 
to the glass, so that while the glass becomes positive, the cush- 
ions become negative. Meantime, the fluid, which adheres to 
the surface of the glass, is attracted by the metallic points and 

Onrribr lh« eltetricil miEhlne, Rg, 356. 585. Whencf comei the Bltelrloilj, whtn 
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conveyed to the prime oonductor, which being insulated bj the 
glass standard, the electricity is there accumulated in quantities 
proportionate to the surface of the conductor. 

If the cushions are insulated, the quantity of electricity ob- 
tained is limited, consisting of that, merely, which the cushions 
contained, and when this is transferred to the plate, no more 
can be obtained. It is then necessary to make the cushions 
communicate with the ground, the great reservoir of electricity, 
* by laying the chain attached to the cushions on the floor oi 
table, when on again turning the machine, more of the fluid 
will be conveyed to the conductor. 

286. K a person who is insulated takes the chain in his 
hand, the electric fluid will be drawn from him, along the chain, 
to the cushion, and from the cushion will be transferred to the 
prime conductor, and thus the person will become negatively 
electrifled. If, then, another person, standing on the floor, hold 
his knuckle near him who is insulated, a spark of electric fire 
will pass between them, with a crackling noise, and the equili- 
brium \9ill be restored ; that is, the electric fluid will pass from 
him who stands on the floor, to hiA who stands on the stool. 
But if the insulated person takes hold of a chain, connected 
with the prime conductor, he may be considered as forming a 
part of the conductor, and therefore the electric fluid will be 
accumulated all over his surface, and he will be positively elec- 
trified, or will obtain more than his natural quantity of electricity. 
K now a person standing on the floor touch this person, he will 
receive a spark of electrical fire from him, and the equilibrium 
will again be restored. 

287. K two persons stand on two insulated stools, or if they 
both stand on a plate of glass, or a cake of wax, the one person 
being connected by the chain with the prime conductor, and 
the other with the cushion, then, after working the machine, if 
they touch each other, a much stronger shock will be felt than 
in either of the other cases, because the difference between their 
electrical states will be greater, the one having more and the 
other less than his natural quantity of electricity. But if the 
two insulated persons both take hold of the chain connected 
with the prime conductor, or with that connected with the 



286. If an insulated person talces the chain, connected with the cushion, in his 
Hand, what change will be produced in hie natural quantity of electricity 1 If the in- 
sulated person takes hold of the chain connected with the prime conductor, and the 
machine be worked, what then will be the change produced in his electrical state ? 
287. If two insulated persons take hold of the two chains, one connected with the 

erime conductor, and the other with the cushion, what changes will be produced 1 
an insulated person takes the chain, what effect will it produce no him f 
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cushion, no spark will pass between them, on touching each 
other, because they will then both be in the same electrical 
state. 

288. We have seen, Fig, 264, that the pith-ball is first at- 
tracted and then repelled, by the excited electric, and that the 
ball so repelled will attract, or be attracted by other substances 
in its vicinity, in consequence of having received from the ex- 
cited body more than its ordinary quantity of electricity. 

These alternate movements are amusingly exhibited by plac- 
ing some small light bodies, such as the figures of men and 
women, made of pith, or paper, between two metallic plates, the 
one placed over the other, as in Fig. 266, the upper plate com- 
municating with the prime conductor, and the other with the 
ground. When the electricity is communicated to the upper 
plate, the little figures, being attracted by the electricity, will 
jump up and strike their heads against it, and having received 
a portion of the fiuid, are instantly repelled, and again attracted 
by the lower plate, to which they impart their electricity, and 



FIO. 266. 




FIG. 267. 




BUettromettr, 



Attraction and Repulsion. 



then are again attracted, and so fetch and carry the electric 
fluid from one to the other, as long as the upper plate contains 
more than the lower one. In the same manner, a tumbler, if 
electrified on the inside, and placed over light substances, a^ 
pith-balls, will cause them to dance for a considerable time. f)p 

288. Explain the reason why Uie little images dance between the two metalUo 
plates, Fig. 266. 

15* 
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289. Electrometer, — Instruments desired to measure the 
intensity of electric action, are called Electrometers. Such an 
instrument is represented by Fig, 267. It consists of a slender 
rod of light wood, A, terminated by a pith-ball, which serves as 
an index. This is suspended at the upper part of the wooden 
stem, B, so as to play easily backward and forward. The ivoiy 
semicircle C, is affixed to the stem, having its center coinciding 
with the axis of motion of the rod, so as to measure the angle 
of deviation from the perpendicular, which the repulsion of the 
ball from the stem produces on the index. 

When this instrument is used, the lower end of the stem is 
set into an aperture in the prime conductor, and the intensity 
of the electric action is indicated by the number of degrees the 
index is repelled from the perpendicular. 

The passage of the electric fluid through a perfect conductor 
is never attended with light, or the crackling noise which is 
heard when it is transmitted through the air, or along the sur- 
face of an electric. 

290. Several curious experiments illustrate this principle, iot 
if fragments of tin foil, or other metal, be pasted on a piece of 
glass, so near each other that the electric fluid can pass between 
them, the whole line thus formed with the pieces of metal, will 
be illuftiinated by the passage of the electricity from one to the 
other. 



FIO. 268. 
Franklin. 



In this manner figures or words may be formed, as in Mg, 
268, which, by connecting one of its ends with the prime con- 
ductor, and the other with the ground, will, when the electric 
fluid is passed through the whole, in the dark, appear one con- 
tinuous and vivid line of Are. 



289. What is an electrometer 7 Describe that represented in Fig. 267, tofeetber 
with the mode of using it. When the electric fluid passes along a perfect condnetor 
is i: attended with light or not ? When it passes along an electric, or tbroosh the 
air, what phenomena does it exhibit 1 290. Describe the experiment, Flf. 968, tai> 
tended to lUuetrate this principle. 
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291. Electrical Light, — Electrical light seems not to differ, 
in any respect, from the light of the Sun, or of a burning lamp. 
Dr. Wollaston observed, that when this light was seen trough 
a pnsm, the ordinary colors arising from the decomposition of 
light were obvious. 

292. When the electric fluid is discharged from a point, it is 
always accompanied by a current of air, whether the electricity 
be positive or negative. The reason of this appears to be, that 
the instant a particle of air becomes electrified, it repels, and is 
repelled, by the point from which it received the electricity. 

Several curious little experiments are 
made on this principle. Thus, let two ^^' ^^ 

cross wires, as in Fig. 269, be suspended 
on a pivot, each having its point bent in a 
contrary direction, and electrified by being 
placed on the prime conductor of a ma- 
chine. These points, so long as the machine 
is in action, will give off streams of elec^ 
tricity ; and as the particles of air repel the 
points by which they are electrified, the 
little machine will turn round rapidly, in the direction contrary 
to that of the stream of electricity. Perhaps, also, the reaction 
of the atmosphere against the current of air given off by the 
points, assists in giving it motion. 

293. Leyden Vials, — When one part or side of an electric is 
positively, the other part or side is negatively electrified. Thus, 
if a plate of glass bo positively electrified on one side, it will be 
negatively electrified on the other, and if the inside of a glass 
vessel be positive, the outside will be negative. 

Advantage of this circumstance is taken, in the construction 
of electrical jars,, called from the place where they were first 
made, Leyden vials. 

The most common form of this jar is represented by Fig. 
270. It consists of a glass vessel, coated on both sides up to 
A, with tin foil ; the upper part being left naked, so as to pr^ 
vent a spontaneous discharge, or the passage of the electric nuid 
from one coating to the oUier. A metallic rod, rising two oi 
three inches above the jar, and terminated at the top with a 



291. What is the appearance of electrical light through a prism 1 292. Descrlbt 
Fif • 209, and explain the principle on which its motion depends 293. Suppose one 
part or side of an electric is positive, what will be the electrical state of the other aids 
or parti What part of the electrical apparatus is constructed ou this prioclpltl 
How is the Leyden vial constructed 1 Why is not the whole surftoa of thia viu < 
tred with tb« tin foil I 
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brass ball, which is called the knob of the jar, is made to de- 
scend through the cover, till it touches the interior coating. It 
is along this rod that the charge of electridtj is conveyed to 
the inner coating, while the outer coatbg is made to conmium- 
cate with the ground. 




FIG. 271. 




Leyden Jan, 



294. When a chain is passed from the prime conductor of an 
electrical machine to this rod, the electricity is accumulated on 
the tin foil coating, while the glass above the tin foil prevents 
its escape, and thus the jar becomes charged. By connecting 
together a sufficient number of these jars, any quantity of the 
electric fluid may be accumulated. For this purpose, all the 
interior coatings of the jars are made to communicate with each 
other, by metallic rods passing between them, and finally te^ 
minating in a single rod. A similar union is also established, 
by connecting the external coats with each other. When thus 
arranged, the whole series may be charged, as if they formed 
but one jar, and the whole series may be discharged at the 
same instant. Such a combination of jars is termed an electri- 
cal battery, 

295. For the purpose of making a direct communication be- 
tween the inner and outer coating of a single jar, or battery, by 
which a discharge is effected, an instrument called a discharg- 
ing-rod is employed. It consists of two bent metallic rods, 
terminated at one end by brass balls, and at the other end con- 
nected by a joint. This joint is fixed to the end of a glass 



294. How js a Leyden vial charjrcd ? In what manner may a number of these vials 
JMI charged 7 What is an electrical battery 1 295. Explain the desiffo of Fig. 271, and 
SHOW how an equilibrium is product-d by the discharginjf-rod. 
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handle, and the rods being movable at the joint, the balls can 
be separated or brought near each other, as occasion requires. 
When opened to a proper distance, one ball is made to touch 
the tin foil on the outside of the jar, and then the other is 
brought into contact with the knob of the jar, as seen in Fig, 
271. In this manner a discharge is effected, or an equilibrium 
produced between the positive and negative sides of the jar. 

296. When it is desired to pass the charge through any sub- 
stance for experiment, then an electrical circuit must be estab- 
lished, of which the substance to be experimented upon must 
form a part. That is, the substance must be placed between 
the ends of two metallic conductors, one of which communicates 
with the positive, and the other with the negative side of the 
jar, or battery. 

297. When a person takes the electrical shock in the usual 
manner, he merely takes hold of the chain connected with the 
outside coating, and the battery being charged, touches the 
knob with his finger, or with a metallic rod. On making this 
circuit, the fluid passes through the person from the positive to 
the negative side. 

Any number of persons may receive the electrical shock, by 
taking hold of each other's hand, the first person touching the 
knob, while the last takes hold of a chain connected with the 
external coating!. In this manner, hundreds, or, perhaps, thou- 
sands of persons, will feel the shock at the same instant, there 
being no perceptible interval in the time when the first and the 
last person in the circle feels the sensation excited by the passage 
of the electric fluid. /^ -'x 

298. Atmospheric JSlectricitp. — The atmosphere always con- 
tains more or less electricity, which is sometimes positive, and 
at others negative. It is,* however, most commonly positive, 
and always so when the sky is clear or free from clouds or fogs. 
It is alwa)rs stronger in winter than in summer, and during the 
day than during the night. It is also stronger at some hours 
of the day than at others ; being strongest about 9 o'clock in 
the morning, and weakest about the middle of the afternoon. 
These different electrical states are ascertained by nieans of long 



296. When it is desired to pass the electrical fluid through an^ substance, where 
mast it be placed in respect to the two sides of the battery 1 Qw. Suppose the bat« 
tery is charjred, what must a person do to take the shock ) What circumstance is 
related, which shows the surprisinir velocity with which electricity is transmitted 1 
296. Is the electricity of the atmosphere positive or negative? At what times does 
the atmosphere contain most electricity 1 How are the different electrical states o'' 
the atmosphere ascertained ? 
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metallic wires extending from one bnilding to another, and con- 
nected with electrometers. 

299. It was proved by Dr. Franklin, that the electric fluid 
and lightning are the same substance, and diis identity has 
been confirmed by subsequent writers on this subject. 

If the properties and phenomena of lightning be compared 
with those of electricity, it will be found that they diflfer only in 
respect to degree. Thus, lightning passes in irregular lines 
through the air ; the discharge of an electrical battery has the 
same appearance. Lightning strikes the highest pointed ob- 
jects — takes in its course the best conductors — sets fire to non- 
conductors, or rends them in pieces, and destroys animal life ; 
all of which phenomena are caused by the electric fluid. 

300. Lightning Rods. — Buildings may be secured from the 
effects of lightning, by fixing to them a metallic rod, which is 
elevated above any part of the edifice and continued to the 
moist ground, or to the nearest water. Copper, for this pur- 
pose, is better than iron, not only because it is less liable to rust, 
but because it is a better conductor of the electric fluid. The 
upper part of the rod should end in several fine points, which 
must be covered with some metal not liable to rust, such as 
gold, platina, or silver. 

301. No protection is afforded by the conductor ^ unless it is 
continued without interruption from the top to the bottom (^ 
the building, and it can not be relied on as a protector, unless 
it reaches the moist earth, or ends in water connected with the 
earth. Conductors of copper may be three-fourths of an inch 
in diameter, but those of iron should be at least an inch in 
diameter. In large buildings, complete protection requires 
many lightning rods, or that they should be elevated to a 
height above the building in proportion to the smallness of their 
numbers, for modem experiments have proved that a rod only 
protects a circle around it, the radius of which is equal to twice 
its length above the building, 

302. Thus a rod 20 feet above the building, will protect a 
space of 40 feet from it in aU directions. 

299. Who first discovered that electricity and lightning are the same ? What phe- 
nomena are mentioned which belong in common to electricity and lightning? 300. 
How may buildings be protected from the effects of lightning 1 Which is the beat 
conductor, iron or copper? 901. What circumstances are necessary, that the rod 
may be relied on as a protector 7 302. What diameter will a rod 20 feet abOT« the 
building protect ? 
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CHAPTER XIY. 

MAGNETISM. 

303. The native Magnet, or Loadstone, is an ore of iron, 
which is found in various parts of the world. Its color is iron 
hlaek; its specific gravity from 4 tq 5, and it is sometimes 
found in crystals. 

This subfitance, without any preparation, attracts iron and 
eteel, and when suspended by a striug, will turn one of its sides 
toward the north, and another toward the south. 

It appears that an examination of the properties of this 
species of iron ore, led to the important discovery of the mag- 
netic needle, and subsequently laid the foundation for the 
Bcienoe of magnetism ; though at the present day magnets are 
made without this article. 

304. The whole science of magnetism is founded on the fact, 
that pieces of iron or steel, after being treated in a certain man- 
ner, and then suspended, will constantly turn one of their ends 
toward the north, and consequently the other toward the south. 
The same property has been more recently proved to belong to 
the metals nickel and cobalt, though with much less intensity. 

306. Still more recently, it has been found by Prof. Faraday, 
that when a strong electro-magnet is employed, the following 
metals are acted upon with varying intensity, and therefore 
must be added to the list of magnetic metals, viz., manganese, 
chromium, cerium, titanium, palladium, platinum, and osmium, 

306. The poles of a magnet are those parts which possess the 
greatest power, or in which the magnetic virtue seems to be 
concentrated. One of the poles points north, and the other 
south. The magnetic meridian is a vertical circle in the heavens, 
which intersects the horizon at the points to which the magnetic 
needle, when at rest, directs itself. 

307. The axis of a magnet, is a right line which passes from 
one of its poles to the other. 

The equator of a magnet, is a line perpendicular to its axis, 
and is at the center between the two poles. J 

803. What ft the native magnet or loadstone 1 What are the properties of the 
loadstone 7 dM. On what is the whole subject of magnetism founded f What other 
metals besides iron possess the magnetic property 1 306. What metals besides iron, 
nickelf and cobalt, are magnetic 1 306. What are the poles of a magnet 1 307. What 
ia the axis of a magnet 7 What is the equator of a magnet 7 
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308. Leading Properties, — ^The leading properties of the 
magnet are the following : It attracts iron and steel, and when 
suspended so as to move freely, it arranges itself so as to point 
noith and south; this is called the polarity of the magnet 
When the south pole of one magnet is presented to the north 
pole of another, they will attract each other ; this is called mag- 
netic attraction. But if the two north, or two south poles be 
brought together, they will repel each other, and this is called 
magnetic repulsion. 

309. When a magnet is left to move freely, it does not lie in 
a horizontal direction, but one pole inclines downward, and con- 
sequently the other is elevated above the line of the horizon. 
This is called the dipping, or inclination of the magnetic needle. 
Any magnet is capable of communicating its own properties to 
iron or steel, and this, again, will impart its magnetic virtue to 
another piece of steel, and so on indefinitely. 

310. If a piece of iron or steel be brought near one of the 
poles of a magnet, they will attract each other, and if suffered 
to come into contact, will adhere so as to require force to sep- 
arate them. This attraction is mutual ; for the iron attracts the 
magnet with the same force that the magnet attracts the iron. 
This may be proved, by placing the iron and magnet on pieces 
of wood floating on water, when they will be seen to approadi 
each other mutually. 

311. Force of Attraction. — The force of magnetic attraction 
varies with the distance in the same ratio as the force of gravity ; 
the attracting force being inversely as the square of the distance 
between the magnet and the iron. 

312. The magnetic force is not sensibly affected by the in- 
terposition of any substance except those containing iron, or 
steel. Thus, if two magnets, or a magnet and jHece of iron, 
attract each other with a certain force, this force will be the 
same if a plate of glass, wood, or paper, be placed between 
them. Neither will the force be altered, by placing the two 
attracting bodies under water, or in the exhausted receiver of 
an air-pump. This proves that the magnetic influence passes 
equally well through air, glass, wood, paper, water, and a 
vacuum. 



308. What is meant by the polarity of a ma^et 1 When do two magnets attract, 
and when repel each other? 309. What is understood by the dippinirof the mag- 
netic needle 1 310. How is it proved that the iron attracts the magnet with the same 
force that the magnet attracts the iron 1 31 1. How does the force of magnetic attrac- 
tion vary with the distance 1 312. Does the magnetic force vary with the interposi- 
tion of any substance between the attracting bodies? 
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813. Destroyed hy Heat — Heat weakens the attractive power 
of the magnet, and a white heat entirely destroys it. Electricity 
will change the poles of the magnetic needle, and tlie explosion 
of a small quantity of gunpowder on one of the poles, will have 
the same enect. . 

314. The attractive power of the magnet may be increased 
by permitting a piece of steel to adhere to it, and then suspend- 
ing to the steel a httle additional weight every day, for it will 
sustain, to a certain limit, a httle more weight on one day than 
it would on the day before. 

315. Small natural magnets will sustain more than large 
ones in proportion to their weight. It is rare to find a natural 
magnet, weighing 20 or 30 grains, which will lift more than 
thirty or forty times its own weight. But a minute piece of 
natural magnet, worn by Sir Isaac Newton, in a ring, which 
weighed only three grains, is said to have been capable of lifting 
746 grains, or nearly 250 times its own weight. 

316. Artificial Magnets. — The magnetic property may be 
communicated from the loadstone, or artificial magnet, in the 
following manner, it being understood that the north pole of 
one of the magnets employed, must always be drawn toward the 
south pole of the new magnet, and that the south pole of the 
other magnet employed, is to be drawn in the contrary direc- 
tion. The north poles of magnetic bars are usually marked 
with a line across them, so as to distinguish this end from the 
other. 

Place two magnetic bars ^®- 272. 

A and B, Fig. 272, so that 
the north end of one may 
be nearest the south end 
of the other, and at such 
a distance that the ends of 
the steel bar to be touched, 

may rest upon them. Hav- Artificial Magnets. 

ing thus arranged them, 

as shown in the figure, take the two magnetic bars, D and E, 
and apply the south end of E, and the north end of D, to the 
middle of the bar C, elevating their ends as seen in the figure. 
Next separate the bars E and D, by drawing them in opposite 
directions along the surface of C, still preserving the elevation 




313. What is the effect of heat on the magnet ? What is the effect of electricity, or 
the explosion of gunpowder on it 1 314. How may the power of a magnet be in. 
creast-a 7 315. What is said concerning the comparative powers of great and small 
magnets ? 316. Explain Fig 272, and describe the mode of making magnet. 
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of their ends ; then removing the bars D and E, to the distaooe 
of a foot or more from the bar C, bring their north and south 
poles into contact, and then having again placed them on the 
middle, C, draw them in contrary directions, as before. The 
same process must be repeated many times on each side of the 
bar, 0, when it will be found to have acquired a strong and per- 
manent magnetism. 

317. If a bar of iron be placed, for a long period of time, 
in a north and south direction, or in a perpendicular position, 
it will often acquire a strong magnetic power. Old tonga, 
pokers, and fire shovels, almost always possess more or 1^ 
magnetic virtue ; and the same is found to be the case with the 
iron window bars of ancient houses, whenever they have hap- 
pened to be placed in the direction of the magnetic lina 

318. A magnetic needle, such as is employed in the mariner's 
and surveyor's compass, may be made by fixing a piece of steel 
on a board, and then dirawing two magnets from the center 
toward each end, as directed at Fig, 272. Some magnetic 
needles, in time, lose their virtue, and require again to be mag- 
netized. This may be done by placing the needle still suspend- 
ed on its pivot, between the opposite poles of two magnetic 
bars. While it is receiving the magnetism, it will be agitated, 
moving backward and forward, as though it were animated; 
but when it has become perfectly magnetized, it will remain 
quiescent^ 

FIO. 273. "^ 
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Moffnetic Rotation, 

319. Magnetic Rotation, — It is quite interesting to observe 
the diflferent directions the needle of a small magnetic compass 

- — . -. 

317. In Mr hat positions do bars of iron become magnetic spontaneooatf 1 
318. How may a ueedle be m.-i!;:ieti/.ed without removinir from its pivot 1 
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will assume when moved round a bar magnet. If the latter be 
laid on the table, and the former carried slowly around it, from 
S, or south, to N, or north, and so back again on the other 
side, the needle will alternately take all the positions shown 
by Fig. 273. 

320. Dip of the Magnet. — ^The rfep, or inclination of the 
agnetic needle, is its deviation from its horizontal position, as 

already mentioned. A piece of steel, or a needle which will 
rest on its center, in a direction parallel to the horizon, before 
it is magnetized, will afterward incline one of its ends toward 
the earth. This property of the magnetic needle was discov- 
ered by a compass-maker, who, having finished his needles 
before they were magnetized, found that immediately after- 
ward, their north ends iDclined toward the earth, so that he 
was obliged to add small weights to their south poles, in order 
to make them balance, as before: 

321. The dip of the magnetic needle is measured, by a grad- 
uated circle, placed in the vertical position, with the needle 
suspended by its side. Its inclination from a horizontal line, 
marked across the face of this circle, is the 

measure of its dip. The circle, as usual, 
is divided into 360 degrees, and these into 
minutes and seconds. 

322. Dipping Needle, — Fig, 274 is said 
to represent a convenient form of the dip- 
ping needle. It is a strongly magnetized 
steel needle, turning on the center of grav- 
ity A B, in a brass frame which is suspend- 
ed by a thread. Thus the needle has 
universal motion. The scale is omitted as 
unnecessary for the present purpose. 

323. The dip of the needle does not 
vary materially at the same place, but dif- 
fers in diflferent latitudes, increasing as it is 
carried toward the north, and diminishing 
as it is carried toward the south. At 
•London, the dip for many years has varied 
little from 72 degrees. In the latitude of 
80 degrees north, the dip, according to the 
observaticttis of Captain Parry was 88 de- 
grees. 



FIG. 274. 




Dipping Needle, 



320. How was the dip of the magnetic needle first discoTered 1 321. In what 
manner it the dip measured 1 
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324. Variation op the Magnet. — Although, in general 
tenns, the magnetic needle is said to point north and south, yet 
this is very seldom strictly true, there being a variation in its 
direction, which differs in degree at different times and places. 
This is called the variation, or declination, of the magnetic 
needle. 

325. This variation is determined at sea, by observing the 
different points of the compass at which the sun rises, or sets, 
and comparing them with the true points of the sun*s rising or 
setting, according to astronomical tables. By such obserra- 
tions it has been ascertained that the magnetic needle is contin- 
ually declining alternately to the east or west from due north, 
and that this Variation differs in different parts of tlie world at 
the same time and at the same place at different times. 

326. The annexed table shows at once, the dip, or inclina- 
tion, and the variation or declination of the needle, for a series 
of years. It was formed from observations made at Brussels, 
and by it there appears to be a gradual, but constant dinunu- 
tion of the angle, both of inclination and declination, in Europe. 



Month. 


Year. 


iDcliiiation. 


Declination. 


October, . . 
March, . . . 
March, . . 
March, . . 
April, . . 
March, . . . 
March, . . 
March, . . . 
March, . . 
March, . . . 


1827, 
1830, 
1832, 
1833, 
1834, 
1835, 
1836, 
1837, 
1838, 
1839, 


680, 56^, y^ 
680, 52', 6^' 
680, 49^, V^ 
680, 42^, 8^^ 
680, 38^, 4^^ 
680, 35^, (y^ 
680, 32^, 2^^ 
680, 28", 8"" 
680, 26", V^ 
680, 22", 4"" 


220, 28", S'" 
220, 25", 3"" 
220, 19",0"/ 
220, 13",4"" 
220, 15",2"" 
220, 6", 7"" 
220, 7", 6"" 
220, 4f,^ 
220, 3",?'' 
210 53", 6^ 



327. The difference in the declination, which may be of 
much importance, as on it may depend the safety of ships at 
sea, is very material in different countries, and at different 
periods. TIius at present it is about 24° west, at London. 
At Paris, 22° west. At New York, 5° 25' west, and at Hart- 
ford, about 6° west. 

Before 1660, the variation at London, was toward, the east, 
and on that year the needle pointed due north. From that 

323. What circumstance increases or diminishes the dipof the needle 1 324. What 
is meant by the declination of the magnetic needle? 326. What chanf es does the 
above table indicate ? 327. Why is the difTerence of declination of importance to 
ships t 
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time to the present, it has gained from two to eix degrees to- 
ytarA the west every year. 

The greatest variaUoa of the magnetic needle, recorded, was 
that observed by Capt. Cook, which was about 43° weet This 
•was in S. lat SO", and £. lou^tude, 92° 36'. 



ELECTRO-MAONETISH. 

32B. When two nutalt, one of which it more taiily oxyda- 
ted than the other, are placed in acidulated tuater, and the two 
metala are made to touch eac\ other, or a metallic eommunicA- 
tion i> morfe between them, there is excited an electrical or gal- 
vanic current, which paaaeafrom the metal most easily oxydated, 
through the water, to the other metal, and from the other metai 
through the water around to the first metal agairt, and so in a 
perpetual circuit. 





820. If we take, for example, one elip of zinc, and another 
of copper, and place them in a cup of diluted sulphuric add. 
Fig. 275, their upper ends in contact an<l above the water, and 

> iba (■Ivinic aciinn 1 Tnta which 
rlb«lheci«BllliyRg.37S. 
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their lower ends separated, then there will be constitttted a 
galvanic circle^ of the simplest form, consisting of three ele- 
ments, zinc^ acidj copper. The galvanic influence being exdted 
by the acid, will pass from the zinc Z, the metal most easily 
oxydated, through the acid, to the copper C, and from the cop- 
per to the zinc again, and so on continually, until one or the 
other of the elements is destroyed, or ceases to act 

The same effect will be produced, if instead of allowing the 
metallic plates to come in contact, a communication between 
them be made by means of wires, as shown by Mg, 276. In 
this case, as well as in the former, the electricity proceeds from 
the zinc Z, which is the positive side, to the copper 0, being 
conducted by the wires in the direction shown by the arrows. 

330. The completion of the circuit by means of wires enables 
us to make expenments on different substances by passing the 
galvanic influence throng them, this being the method em- 
ployed to exhibit the effects of galvanic batteries, and by which 
the most intense heat may be produced. 

When the two poles of a battery are connected by means of 
a copper wire of a yard or two in length, the two parts being 
supported on a table in a north and south direction, for some 
of the experiments, but in others the direction must be changed 
as will be seen. This wire, it will be remembered, is called the 
uniting tpire, 

331. Theory, — ^In theory, the 
positive electricity is produced 
by the mutual action of the 
acid, water, and zinc ; the water, 
in small quantity, being decom- 
posed. If this action is too vio- 
lent, that is, if the acid is too 
strong and the hydrogen pro- 
duced in too large quantity, the 
electrical current is diminished, 
or ceases almost entirely. 

332. Galvanic Battery. — 
One of the most convenient 
forms of a galvanic battery for ex- 
periments described in this work 
is represented by Fig. 277. It 
consists of a cylinder of sheet 
copper, within which is another 



FIO. 277. 




331. Iluw is positive «>lectiicity produced 1 
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of zinc. The zinc has for its bottom a piece of sheep-skin, or 
bladder, tied on with a string, and is suspended an inch or two 
firom the bottom of the copper cylinder. Or, the whole inner 
^linder may be made of leather with a slip of zinc within it. 
This is done to prevent the fluid which the inner cylinder contains 
from mixing with that contained between the two ; and still, the 
leather being porous, the water it contains conducts the galvanic 
influence from one cell to the other, as already stated. The 
diameter of the outer cup may be five or six inches, and the 
inner one three or four. The zinc may be suspended by making 
two holes near the top and tying on a piece of glass tube or a 
slip of wood. This part has often to be removed and cleaned, 
by scraping oflf the black oxyd, which, if it remains, will pre- 
vent the action of the battery. The action will be sustained 
much longer if the zinc is amalgamated by spreading on it a 
little mercuiy before it is used, and while the surface is bright. 

The cups P N, are the positive and negative poles. They may 
be made of percussion caps, soldered to the ends of t\vo copper 
wires ; the other ends being connected by soldering, or other- 
wise, one with the zinc, and the other with the copper, cylinder. 

The inner cup is to be filled with water, mixed with about a 
twentieth part of sulphuric acid, while the cell between the two 
contains a saturated solution of sulphate of copper, or blue 
vitriol. In order to keep the solution saturated, especially when 
casts are to be taken, some of the solid vitriol is to be tied in a 
rag and suspended in it. 

This battery, it will be seen, difiers materially from that 
hereafter to be described under the name of Grove's battery, 
but ibr common purposes it is equally useful ; is much more 
readily made, and costs only a tenth as much. 

grove's battery. 

333. This is the most powerful arrangement, according to its 
size and cost, which has been proposed, and is that generally used 
for telegraphic purposes. Fig. 278 shows a battery of twelve 
cups, each of which consists of a cylinder of amalgamated 
zinc, within which is a cup of unglazed clay ; these being placed 
within an outer cup of glass. To the zinc is attached a con- 
ducting arm of the same metal, which reaches to the next 
series of cups, and at the end of which is attached a thin piece of 
platina, which dips into the porous cup, as shown by the figure. 

332. Explain Piflr. 277, and sthow the action of the batter/. 833. Describe th« prills 
cipl** of Grov*'s battery, Fijr. 278. 
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OrOBt'l Tieestt Cup BatUry. 



The battery is dmrged, by filling the clay cup •mth aitrio 
add, and the space wittiiu and around the zinc, nhicli is op«i 
at the bottom and aide, with sulphuric add, diluted with 30 
parts of wat«r. The action is strong, and requires very little 
expense. 

884. Tohacco Pipe Salter;/. — For telegraphic batteries the 
vessels are about four inches high, but for common experimeats 
any one may make a miniature battery iu the following tnao' 
ner, and at a very trifling expense. 

Procure six toy tumblers, an inch and a half high. Cut 
from sheet zinc, strips of such 
size as to form cylinders to no. 279. 

go within these tumblere. Cut 
one end of each strip nearly off, 
and a quarter of an inch wide, 
aa shown at A, Fiff. 279, and 
turn it up so as to make a con- 
necting arm with the next cup. 
At the end of this arm cut a slit 
B, into which put a little slip of 
platina foil, half an inch wide, and 
an inch lon^. In this manner the 
whole can be made without sold- 
ering the arm to the cup, which, ™™" ^i" BaUay. 

when amalgamated, wiH drop off. 

Next take six tobacco pipes, and breaking off the stems, stop 
the orifices of the bowls with sealing-wax, and the elements of 
your little battery ia finished. 

Now take A little mercury in a bowl, and touching the zinc 



a 
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^lioders to it, a little will adhere to the metal, and may be 
spread over its surface with a wisp of cotton. The action m 
tiiuB much increased. 

336. Lastly, put the bowls within the zinc cylinders, and these 
into the tumblers, and then fill the bowU with nitric acid, and 
the tumblers with sulphuric acid diluted with 30 parts of water, 
fiziiig die arms so that the platina will dip into the bowls, and 
the action will commence instantly. 

With this iittle battery, which any one of ordinary ingenuity 
can make, all the common experiment with a galvanic battery 
may be performed. 

336. Cireular Motion o^ Eleetro-Magnetitm. — In conse- 
quence of the circular magnetic currents which seem to 
emanate from the regular influence 
of the battery, the fluid may be 
made to act so as to produce a 
continued rotation of the couducting 
wire, or the magnet. 

Magnet Revolving Around the 
Conducting Wire. — ^The arrangement 
shown by Fig. 280, and which causes 
the magnet to revolve around the 
conducting wire, consists of the mag- 
net N S, having an angular bend in 
the middle, where it becomes hori- 
zontal, while the extremities are vert- 
ical. To the north pole, or lower 
end of the magnet N, is attached a 
piece of brass, at a right-angle with 
the magnet, which has a little pro- 
jection, forming a pivot, which rests 
in an agate cup, fixed to the stand. 
A wire loop attached to the upper 
pole of the magnet S, encircles the 
conducting wire, and thus keeps the 
magnet in its place. The galvanic 
current is conveyed by this wire, the 
lower end of which dips into a little 
cup of mercury on the horizontal 
portion of the magnet. 

337. The wire has a brass cup at A, containing mercury, and 
into which the pole of the battery is inserted. From this cup 
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FIG. 281. 



Srojects a bent wire, as seen in the %ure, the end of which 
ips into a circular cistern of mercury, contained in a brass 
cup, and through which the magnet revolves. A wire passes 
through the side of the cistern to the mercury, and terminates 
in the screw-cup B, into which the other pole of the battery is 
placed. 

Now on making the connection, the current flows down by 
the side of the upper pole of the magnet to the middle, and 
then takes the direction of the cup B, so as not to act on the 
lower pole, the galvanic force being between the mercury in 
the cistern and the bent wire, and by the attraction of which 
the magnet revolves rapidly around the conducting wire. On 
changing the poles the rotation will be in a contrary direction. 

338. Revolving Spur- Wheel. — Many curious experiments 
are' made by combining the action of electricity with that of 
magnetism. Such a combination is shown by Fig, 281 where 
W is a copper wheel cut into points, and made to revolve be- 
tween the legs of a U magnet fixed in an upright position. 
The axis of the wheel is supported by strips of brass fastened 
to the magnetic poles N and S. 
The trough T may be of brass or 
wood, and is placed between the 
bifurcation of the magnet. This 
contains a little mercury, into 
which the teeth of the wheel just 
dip, as they revolve. 

339. On the platform or stand, 
to which the magnet is fastened, 
are two screw-cups to which the 
opposite poles of the battery are 
festened. One of these cups is 
connected with the magnet, and 
through that, with the axis of the 
wheel, and the other with the 
mercury in the trough. Now 
on making the connection be- 
tween the poles of the battery, 
the wheel begins to move, in con- 
sequence of the attraction be- 
tween the points of the wheel 
and the mercury, and if the cur- 
rent is strong the wheel turns 
with great velocity, snapping and striking fire as the points 




Jlevolving Wheel. 
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approach the fluid metal. The poinU of the wheel should be 
amalgamated to make the experimeDt Bucceed welL 



340, This ia a curious and singular arrangement, and will 
quite astonish those <who are not conversant with motions com- 
municated by galvanic influence. 

The cut, Mff. 282, shows a connection between the spiral 
ribbon. A, and the single Grove's battery, B, by means of a 




oopper wire. The bent wire C C, suspended in the middle, is 
BeC iu motion by a spring below the milled-bead F, and is made 
to vibrate rapidly by clock-work, the ends of the wire dipping 
alternat«ly in the glass cups C C, containing mercury. The 
spring is wound up by turning the milled-hcad. 

The glass oupa are open at the bottom to allow the mercury 
to come in contact with the brass pillars on which they stand. 

Both of these pillars are connected with one of the screw-eupa 
D D, while the other cup is connected with the middle brass 
pillar E, on which is a brass cup of mercury. From the latter 
cup ascends a vertical wire, attached to the vibrating wire, as 
the figure shows. 

341. Such a quantity of mercury is put into the brass cup 
as to keep the end of the vertical wire covered, and enough 
into the glass cups C 0, to allow one end of the vibrating wire 
to leave the mercury in the cup, before the other end dips into 
that metal. 

342. The spiral ribbon is made by cutting strips of sheet 
copi'cr, fti! inch vide,i!ito lengths, and soldering them together. 
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Then having covered the whole with cotton cloth, and rolled it 
iuto a spiral, like a watch-spring, the article in question is formed. 
At each end, the ribbon being sometimes 100 feet long, there is 
fixed a screw-cup to contain mercury for the poles of the bat- 
tery. In the above, one end is connected with the battery, and 
the other with the screw-cup D, and so to E, on the platform. 

The current must be transmitted through the two instru- 
ments in succession, by connecting one of the screw-cups with 
one of those attached to the spiral wire, and the other with 
the pole of the battery ; the remaining cup on the spiral being 
made to communicate with the other pole of the battery. 

343. Action. — On making the connection with the spiral, 
as shown, and turning the milled-head to put the vibrating 
wire in mo^on, a brilliant spark will be seen, and a loud snap 
heard, at the alternate rupture of the contact between the ends 
of the wire and the mercury in the cups C C. 

With a battery of a few pairs of large sized plates, the size 
of the spark will be greatly increased. 

A strong shock may also be gi?en, especially when the mer- 
cury in the cups C C are covered with a little oil. 

[The author is indebted for the above, as well as for several 
other cuts of the same kind, to Davis's '^Manual of Magnetism," 
Boston, 1850. 

This work contains the most complete and extensive set of 
figures, and their descriptions, on the subjects of Magnetism 
and Electricity, ever published in this country. Price $1,00. 
The number of figures, 184.] 

REVOLVING BELL ENGINE. 

844. This curious arrangement is the invention of Mr. Page. 
It consists of a U shaped magnet, the north and south poles, 
N S, being fixed in the base board. Between these is a small 
electro-magnet of iron, surrounded with insulated copper wire. 
This is fixed to a revolving axis, or wire, the upper end of 
which is confined in the bend of the large magnet, and the 
lower one running in a support below the electro-magnet. 
On the outside of the U magnet are the connecting screws for 
the opposite poles of the battery, by which the machine is oper- 
ated. On the axis, and connected with the notches of the 
wheel, is an endless screw, and with this is connected the ham- 
mer, which strikes the bell, seen as a crown on the figure. 

§43. Action,— The operatiop, or mptiop, of this carious little 



engine, depends on the alternate 
Rttraction and repulson of the polea 
of the U magnet, and those of the 
small electro-magne t between them , 
The magnetism of the latter de- 
pends on the influence of the bat- 
tery with which it is connected, 
and therefore ceases when this 
connection is broken. The revo- 
lution is therefore caused by the 
mutual repulsion, and then the 
mutual attraction between the two 
opposite poles of the two magnets, 
as the coDDection is broken and the 
poles of the electro-magnet are 
reversed. 

The hammer is made to strike 
by a pin on the wheel, moved by 
the endless screw, and which press- 
es back the handle until it is re- 
leased, when a spiral spring on the 
handle impels it against the bell. 

346. If thowheelhaslOOteeth, 
as in the cut, the electro-magnet 
must revolve 100 times in order to 
produce one revolution of the whe 
stroke on the bell. The velocity of the electro-m; 
machine, as shown fay the striking of the hammer, is some- 
times equal to 6000 revolutions in a minute.-V - ■ - '' 

347. Vibration 07 a Wise. — A conducting copper wire 
W, Fiff. 284, is suspended by a loop from a hook of the same 
metal, which passes through the arm of metal or wood, as seen 
in the cut. The upper end of the hook terminates in the cup 
P to contain mercury. The lower end of the copper wire just 
touches the mercury, Q, contained in a little trough about an 
inch long, formed in the wood on which the horseshoe magnet, 
M, is laid, the mercury being equally distant from the two poles. 

The cup, N, has a stem of wire which passes through the 
wood of me platform into the mercury, this end of the wire 
being tinned, or amalgamated, so as to form a perfect contact. 




, and consequently one 



347. EiptainFig. ^i 
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Vibration cf a Wire, 



848. Having thus prepared 
the apparatus, put a little mer- 
cury into the cups P and N, and 
then form the galvanic circuit 
by placing the poles of the bat- 
tery in the two cups, and if every 
thing is as it should be, the 
wire will begin to vibrate, being 
thrown with considerable force 
either toward M or Q, accord- 
ing to the position of the mag- 
netic poles, or the direction of 
the current^ as already explained. 
In either case it is thrown out 
of the mercury, and the galvanic 
circuit being thus broken, the 
effect c^jsases until the wire falls 
back again by its own weight, 
and touches 1I16 mercury, when 
the current being again perfect- 
ed, the same influence is repeated, and the wire is again thrown 
away from the mercury, and thus the vibratory motion becomes 
constant. 

This forms an easy and beautiful electro-magnetic experi- 
ment, and may be made by any one of common ingenuity, 
who possesses a galvanic battery, even of small power, and a 
good magnet. 

The platform may be nothing more than a piece of pine 
board, eight inches long and six wide, with two sticks of the 
same wood, forming a standard and arm for suspending the 
vibrating wire. The cups may be made of percussion caps, 
exploded, and soldered to the ends of pieces of copper bell 
wire. 

The wire must be nicely adjusted with respect to the mer- 
cury, for if it strikes too deep or is too far from the surface, no 
vibrations will take place. It ought to come so near the mer- 
cury as to produce a spark of electrical fire, as it passes the 
surface, at every vibration, in which case it may be known that 
the whole apparatus is well arranged. The vibrating wire must 
be pointed and amalgamated, and may be of any length, from 
a few inches to a foot or two. 

349. Rotation of a Wheel, similar io^ but mare simple, than 
Fiff, 281. The same force which throws the wire away from 
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Rotation of a WheeL 



the mercury, will cause the ro- 
tation of a spur-wheel. For this 
purpose the conducting wire, in- 
stead of being suspended, as in 
the former experiment, must be 
fixed firmly to the arm, as shown 
by Mff. 285. A support for the 
axis of the wheel may be made 
by soldering a short piece to the 
side of the conducting wire, so as 
to make the form of a fork, the 
lower end of which must be flat- 
tened with a hammer, and pierced 
with fine orifices, to receive the 
ends of the axis. 

The apparatus for a revolving- 
wheel is, in every respect, like 
that already described for the vi- 
brating wire, except in that above 
noticed, the wheel may be made 

of brass or copper, but must be thin and light, and so suspended 
as to move freely and easily The points of the notches must 
be amalgamated, which is done in a few minutes, by placing 
the wheel on a flat surface, and rubbing them, with mercury 
by means of a cork. A little diluted acid from the gal- 
vanic batteiy will facilitate the process. The wheel may be 
from half an inch to several inches in diameter. A cent ham- 
mered thin, which may be done by heating it two or three 
times during the process, and then made perfectly round, and 
its diameter cut into notches with a file, will answer every 
purpose. 

This affords a striking and novel experiment; for when every 
thing is properly adjusted, the wheel instantly begins to revolve 
on touching with one of the wires of the battery the mercury 
in the cup P, the other pole being in N. 

When the poles of the magnet, or those of the battery, are 
changed, the wheel instantly revolves in a contrary direction 
from what it did before. 

It is, however, not absolutely necessary to divide the wheel 
into notches, or rays, in order to make it revolve, though the 



349. Explain Fig. 285. In what manner may the points of the spur-wheel be amal- 
gamated 1 If the motion of the fluid is changed, what effect does it have on the 
wheel 1 
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motion is more rapid, and the experiment succeeds much better 
yihj doing so. 
'^ 350. Electro-Magnetic Induction. — Experiment proves 

that the passage of the galvanic current through a copper mre 

renders iron magnetic when in the vicinitj/ of the current. 

This is called magnetic induction. 
The apparatus for this 

purpose is represented p ^®- ^^ 

by Fig, 286, and con- 
sists of a copper wire 

coiled, by winding it 

around a piece of wood. 

The turns of the wire 

should be close together 

for actual expenment, JSiectrieai HeUs. 

they being parted in the 

figure to show the place of the iron to be magnetized. The best 
method is, to place the coiled wire, which is called an electrical 
heliXy in a glass tube, the two ends of the wire, of course, pro- 
jecting. Then placing the body to be magnetized within the 
folds, send the galvanic influence through the whole hy placing 
the poles of the battery in the cups. 

351. Steel thus becomes permanently magnetic, the poles, 
however, changing as often as the fluid is sent through it in a 
contrary direction. A piece of watch-spring placed in the helix, 
and then suspended, will exhibit polarity, but if its position be 
reversed in the helix, and the current again sent through it, the 
north pole will become south. If one blade of a knife be put 
into one end of the helix, it will repel the north pole of a mag- 
netic needle, and attract the south ; and if the other blade be 
placed in the opposite end of the helix, it will attract the north 
pole, and repel the south, of the needle. 

352. Temporary Magnets. — Temporary magnets, of almost 
any power, may he made hy winding a thick piece of soft iron 
with many coils of insulated copper wire^ and passing the gal- 
vanic influence through it. 

The best form of a magnet for this purpose is that of a horse- 
shoe, and which may be made in a few minutes by heating and 
bending a piece of cylinder iron, an inch or two in diameter, 
into this form. 

350. What is meant by magnetic induction ? Explain Fig. 286. What is the figure 
called 1 351. Does any substance become permanently magnetic by the electrical 
lielix ? How may the poles of a magnet be changed by the helix 7 3S2. How may 
temporary magnets be made ? 
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FIG. 287. 



The copper wire (bell wire) may be insulated by winding it 
with cotton thread. If this can not be procured, common bon- 
net wire will do, though it makes less poweiful magnets than 
copper. 

353. The coils of wire 
may begin near one pole 
of the magnet and term- 
inate near the other, as 
represented by Fig, 28*7, 
or the wire may consist 
of shorter pieces wound 
over each other, on any 
part of the magnet. In 
either case, the ends of 
the wire, where several 
pieces are used, must be 
soldered to two strips of 
tinned sheet copper, for 
the combined positive 
and negative poles of the 
wires. To form the mag- 
net, these pieces of cop- 
per are made to communicate with the poles of the battery, by 
means of cups containing mercury, as shown in the figure, or 
by any other method. 

354. The effect is surprising, for on completing the circuit 
with a piece of iron an inch in diameter, in the proper form, and 
properly wound, a man will find it difficult to pull off the arma- 
ture from the poles ; but on displacing one of the galvanic poles, 
the attraction ceases instantly, and the man, if not careful, will 
fall backward, taking the armature with him. Magnets have 
been constructed in this manner, which would suspend ten 
thousand pounds. 




Temporary Magnet. 



THBRMO-ELECTRICITT. 

365. This means electricity by heat, and its principles will 
be understood, when it is stated that if any two metals of dif- 
ferent kinds be joined together and then heated, a current of 
electricity will pass from one to the other. Thus, if two wires 
of a few inches in length, German-silver and brass, have their 
ends soldered together, and the junction heated with an alcohol 

353. For what purpose are the ends of the wires to be soldered to pieces of cop- 
per ) 355. What is meant by thermo-electricity ? 

16* 
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Lunp, or \>j other meaiu, a current of electricity will flow from 
the silver to the braaa, which may be detected by the gal- 
vanometer, or by the common electrical needle. 

356. Compotilion of Oerman-filver. — As this alloy is chet^ 
and is much used for electrical purposes, we give ita proportions. 
In 100 parts, it consista of copper 50, anc 30, and nickel 20. 
This alloy ia a pontire electric to all other metals except tns- 
muth, to which it ia amative. 




TAtrmo-Ettetrieiljf. 

Writers give a great variety of combinations of diferent 
metals, with the amount of electrical iuflueace indicated by each. 
Among these, that shown hy Fig. 288, is among the most easily 
constructed and moat powerful. It consists of tea strips of 

German -silver, and as many of brass, rolled thin and laid on 
each other with their alternate ends soldered t<^ther. Stripe 
of pasteboard are placed between the adjacent metals, so that 
they touch only at the ends where they are soldered. Now by 
heating the end opposite the poles with a spirit lamp, and bring- 
ing the poles in contact, sn electrical current will fiow from one 
ude or pole, to the other, in the direction of the arrows. 



857, The art of covering the base metals, as copper, and the 
alloys of zinc, tin, Ac, with gold and silver, as also of copying 
medals, by means of the electrical current, is called electrotype 
or voUatype. 

This new art is founded on the simple fact, that when the 
galvanic influence is passed through a metaJtic solution, under 
certain conditions, decomposition takes place, and the metal is 
deposited in its pure form on the n^ative pole of the battery. 

The theory by which this effect is explained is, that the 

3S6. Eipliin h. Pi.. ^ how ihfnno-el( 
tmiyps 1 Od wfni ha ie II »1U m« «rt 1 
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hydrogen evolved by the action of the add on the positive pole 
of the battery combines with the oxygen of the dissolved metal 
forming water, while the metal itself thus set free, is deposited 
Mt the negative side of the battery. 

Many of the base metals, as copper, the alloys of zinc, and 
tin, may by such means be covered with gold, or silver, and thus 
a cheap and easy method of gilding and plating is effected. 

This art, now only a few years old, has excited great interest^ 
not only among men of science, but among mechanics, so that 
in England many hundreds, and perhaps thousands of hands 
are already employed in silvering, gilding, and coppering, taking 
impressions of medals and of copperplates, for printing, and of 
pemrming such other work as the art is capable of. Volumes 
have been written to explain the different processes to which 
Um art is applicable, and considering its recent discovery and 
the variety of uses to which it is already appHed, no doubt can 
exist that it will finally become of great importance to the world. 

In this short treatise we can only introduce the pupil to the 
snbject, by describing a few of the most simple processes of the 
art in question, and this we hope to do in so plain a manner, 
that any one of common ingenuity can gild, silver, or copper, 
and take impressions of medals at his leisure. 

358. Copying of Medals. — ^This new art has been applied 
very extensively in the copying of ancient coins and medals, 
ivhich it does in the utmost perfection, givinsf every letter, and 
feature, and even an accidental scratch, exact!) Hke the original. 
When the coin is a cameo, the figures or letters i/^ing raised, it 
is obvious that if the metal be cast directly upon J. the medal 
will be reversed, that is, the figures will be indenteu, and the 
copy will be an intaglio instead of a cameo. To remedy this, a 
cast, or impression must first be taken of the medal, on which 
the electrotype process is to act, when the copy will, in all re- 
spects, imitate the original. 

There is a variety of ways of making such casts, according to 
the substance used for the purpose. We shall only mention 
plaster of Paris, wax, and fusible metaL 

359. Plaster Casts. — When plaster is used, it must be, 
"vrhat is termed baked, that is, heated, so as to deprive it of all 
moisture. This is the preparation of which stereotype casts are 
made. The dry powder being mixed with water to the con- 
sistence of cream, is placed on the medal with a knife to the 
thickness of a quarter or half an inch, according to its size. In 
a few minutes the plaster sets, as it is termed, or becomes hard* 
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To lusure its easy detachmei)t, the medal is rubbed over with a 

little oil. 

The cast thus formed is first to be coated with boiled linseed 
oil, and then its face covered with fine pulverized black lead, 
taking care that the indented parts are not filled, nor the raised 
parts left naked. The lead answers the purpose of a metallic 
surface, on which the copper is deposited by the galvanic current 
This is a curious and very convenient discovery, since wood cuts, 
engraved stones, and copies in sealing-wax, can thus be copied. 

To insure contact between the black lead on the face of the 
cast and the wire-conductor, the cast is to be pierced with an 
awl, on one of its edges, and the sharp point of the wire passed 
to the face, taking care, after this is done, to rub on more lead, 
so that it shall touch the point of the wire, and thus communi- 
cate with the whole face of the medal. 

360. Wax Casts. — ^To copy medallions of plaster of Paris, 
place the cast in warm water, so that the whole may be satura- 
ted with the water, but keeping the face above it When the 
cast has become warm and moist, remove, and having put a 
slip of paper around its rim, immediately pour into the cup thus 
formed bees wax, ready melted for this purpose. In this way 
copies may be taken, not only from plaster casts, but from those 
of other substances. 

To ren ^er the surface of the wax a conductor of electricity, it 
is to >"e covered with black lead in the manner directed for 
piaster casts. This is put on with a soft brush, until it becomes 
bla'^ and shining. 

The electrical conductor is now to be heated and pressed upon 
the edge of the wax, taking care that a little of its surface is left 
naked, on, and around which the black lead is again to be 
rubbed, to insure contact with the whole surface. 

Both of the above preparations require considerable ingenuity 
and attention, in order to make them succeed in receiving the 
copper. If the black lead does not communicate with the pole, 
and does not entirely cover the surface, or if it happens to be a 
poor quality, which is common, the process will not succeed ; 
but patience, and repeated trials, witli attention to the above 
descriptions, will insure final success. 

361. Fusible Metal Casts. — ^This alloy is composed of 8 
parts of bismuth, 5 of lead, and 3 of tin, melted together. It 
melts at about the heat of boiling water, and hence may be 
used in taking casts from engraved stones, coins, or such other 
substances as a small degree of heat will not injure. 
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To take a cast with this alloy, surround the edge of the medal 
to be copied, with a slip of paper, by means of paste, so as to 
form a shallow cup, the medal being the bottom. ITien hav- 
ing melted the alloy in a spoon, over an alcohol lamp, pour it 
in, giving it a sudden blow on the table, or a shake, in order to 
detach any air, which may adhere to the medal. In a minute 
or two it will be cool, and ready for the process. 

Another method is, to attach the medal to a stick, with seal- 
ing-wax, and having poured a proper quantity of the fused alloy 
cm a smooth board, and drawn the edge of a card over it, to 
take off the dross, place the medal on it, and with a steady 
band let it remain until the cast cools. 

Next, having the end of the copper wire for the zinc pole 
clean, heat it over a lamp, and touch the edge of the cast there- 
with, so that they shall adhere, and the cast will now be ready 
for the galvanic current. 

To those who have had no experience in the electrotype art, 
this is much the best, and most easy method of taking copies, 
as it is not liable to failure like those requiring the surfaces of 
the molds to be black leaded, as above described. 

362. Galvanic Arrangement. — Having prepared the molds, 
as above directed, these are next to be placed in a solution of 
the sulphate of copper, (blue vitriol) and subjected to the elec- 
trical current. For this purpose only a very simple battery is 
required, especially where ^e object is merely a matter of 
curiosity. 

For small experiments, a glass jar holding a pint, or a pitcher, 
or even a tumbler will answer, to hold the solution. Provide 
also a cylinder of glass two inches in diameter, and stop the 
bottom with some moist plaster of Paris, or instead thereof, tie 
around it a piece of bladder, or thin leather, or the whole cylin- 
der may be made of leather, with the edges sewed nicely to- 
gether, and stopped with a cork, so that it will not leak. The 
object of this part of the arrangement is, to keep the dilute sul- 
phuric acid which this contains, from mixing with the solution of 
sul])hate of copper, which surrounds it, still having the texture 
of this vessel so spongy as to allow the galvanic current to pass 
through the moisture which it absorbs, water being a good con- 
ductor of electricity. 

Pro\ide also a piece of zinc in form of a bar, or cylinder, or 
slip, of such size as to pass freely into the above described 
cylinder. 

Having now the materials, the arrangement will readily 
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be understood by Fig. 28B, where c is the ves- 
sel containing the aolution of sulphate of cop- 
per; a, the cylinder of leather, or glass; z, the 
cine, to which a piece of copper wire is listened, 
and at the other end of whidi, is the cast m, to be 
copied. The proportions for the vessel, a, are 
about 1 part sulphuric acid to 16 of water by 
tnessure. The solution of copper for c, may be in 
the proportions of 2 ounces of the salt to 4 ounces 
of water. The voltaic current passes from the 
positive dnc to the negative amalgam cast, where 
the pure copper is deposited. 

In order to keep the solution saturated, a little 
sulphate of copper is tied in a rag', and suspended in the solu- 
tion. In 24 or 36 hours, the copper, (if all is right,) will be 
sufficiently thick on the cast, the back and edges of whii± should 
be covered with varnish to prevent its deposition except on the 
bee. 

If the copper covers the edges, a file or knife will remove il, 
when by inserting the edge of the knife between the two raetals, 
the copy will be separated, and will be found an exact copy of 
the original. 

If the add in the inner cylinder is too strong, the process is 
often loo vigorous, and the deposition, instead of being a film 
of solid copper on the cast, will be in the form of small graiss 
on the lower end of the wire. The weakest power consistent 
with precipitation should tlierefore be applied. 



883. This is an improved method of copying easts, or molds, 
in copper. It consists of two glass vessels, each holding a pint, 
or less, one of which holds the battery, and the other the de- 

fositing apparatus. These arrangements will be understood 
y Fiff. 290, of which 1 is a little mercury on the bottom of 
the vessel, containing the hattenf. Just above this is a piece 
of platinum foil, suspended in the center. A piece of rinc, 4, 
resU against the side of the vessel. A curved copper wire, 3, 
descends through the liquid, insulated by a glass tube. This 
wire, by the mercury, connects the zinc plate with the metallic 
cup on the top of the jar, and by the wire, 2, with the other 
jar. The wire, 5, descends from the screw-cup into the depos- 
iting cell, to the end of which the cast, 6, is suspended. The 
plate 7, is a piece of copper suspended m the solution of siilphale 
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of copper, in order to keep 
it always of the same 
strength, a portion being 
dissplvei while another 
portion is deposited on 
the cast. 

ITie liquid in the bat- 
tery is composed of one 
part sulphuric acid, and 
20 or 30 of water. That 
in the depositing aide, ia 
composed of 3 ouncea of 
sulphate of copper, 1 ounce 
of Buiphuric acid, and 15 
ounces of water. 

The general directions for obtaining casts have been given 
above, and need not be repeated. 




864. The apparatus, Fig. 291, is designed to communicate 
strong and permanent mngnetism to steel. It consists of a 
email Smee's battery, with its opposite poles connected with the 
horizontal U magnet, which is closely wound with insulated 
copper wire. Of course the wires convey the electrical influenco 
from the positive to the negative sides of the battery. 




by Elecln-Xagaetitm._ 



electro- 
taking < 



This is done by drawing it from the bend, across ti 
lagnet to the poles, and repeating this on both its sides, 
are to do it in the same direction. A steel bar may be 
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magnetized by the same process, or, if a short one, by applying 
it as an armature to the poles of the electro-magnet ; the north 
pole becoming the south pole of the new magnet. 

366. To remove the magnetism of a steel magnet of the U 
form, it is only required to reverse the process, that is, to place 
one of its poles on each pole of the electro-magnet, and draw it 
over them, in the direction contrary to the indication of the 
arrow seen in the figure. 

In the vertical magnet, the letters N S, indicate its north and 
south poles. 

ELECTRO-GILDING. 

366. Gilding without a Battery, — After the solution is pre- 
pared, the process of electrotype-gilding is quite simple, and may 
be performed by any one of common ingenuity. 

The solution for this purpose is cyanide of gold dissolved in 
pure water. This is prepared by dissolving the metal in aqua- 
regia, composed of one part nitric, and two of muriatic acid. 
Ten or fifteen grains of gold, to an ounce and a half of the 
aqua-regia may be the proportions. The acid being evaporated, 
the salt which is called the chloride of gold is dissolved in a 
solution, made by mixing an ounce of the cyanuret of potash 
with a pint of pure water. The cyanuret of potash is decom- 
posed and a cyanide of gold remains in solution. About 20 
grains of the chloride of gold is a proper quantity for a pint of 
the solution. The cyanuret of potash, and the chloride, or 
oxyd of gold, may be bought at the apothecaries. 

Having prepared the solution, the most simple method of 
gilding is to pour a quantity of it into a glass jar, or a tumbler, 
and place in it the silver, copper, or German-silver to be gilded, 
in contact with a piece of bright zinc, and the process will im- 
mediately begin. No other battery, except that formed by the 
zinc, and metal which receives the gold, is required. The zinc 
at the point of contact must be bright and well fastened to the 
other metal by a string or otherwise. The process will be 
hastened by warmth, which may be applied by placing the jar 
and its contents in a vessel of warm water. So far as the author 
knows, this simple process originated with himself, and answers 
admirably as an experiment in the electrotjrpe art The gold, 
however, is apt to settle upon the zinc, but which may be pre- 
vented by a little shellac varnish rubbed on it, except at the 
point of contact. The handles of scissors, silver spectacles, pen- 
cils, (fee, may be handsomely gilt by this process. 
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367. Gilding with a Battery. — If the operator desires to 
extend his experiments in the art of electro-gilding, a small bat- 
tery must be employed, of which there are many varieties. 
The best for more extensive operations, is that composed of 
platinized silver, and amalgamated zinc. 

For this purpose the platina is first dissolved in aqua-regia, 
in proportion of 10 grains to the ounce, and then precipitated 
on the silver. The silver is in sheets, such as is used for plating, 
no thicker than thin writing paper. This may be obtained of 
the silver- platers, and being well cleaned, is ready for the process. 

These plates being covered with platina, are insoluble in the 
acid employed, and hence they will last many years. The amal- 
gamated plates are also durable, and do not require cleaning. 

368. These platinized sheets are confined between two plates 
of amalgamated zinc. The process of amalgamation consists in 
nibbing mercury, with a little mass of cotton wool held in the 
fingers, on the clean zinc. These plates may be fixed half an 
inch apart by means of little pieces of wood, with the sheets be- 
tween them, but not touching each other. The plates, having 
a metallic connection, form the positive side of the battery, 
while a copper wire soldered to the silver sheet makes the nega- 
tive side. The dimensions of these plates may be four or five 
inches long, and three or four wide. 

For experimental purposes, however, a less expensive battery 
may be used, that represented by Fig, 289, made of copper and 
zinc, being suflficient. 

To gild by means of a battery, place the solution, made as 
above described, in a glass vessel, and connect the article to be 
gilded with the pole coming from the zinc side of the battery, 
letting the other wire, which should be tipped with a little piece 
of gold, dip into the solution. The gilding process will imme- 
diately begin, and in three or four hours a good coat of gold 
will be deposited on the article immersed. 

To keep the solution quite pure, the tips of the poles where 
they dip into the fluid should be of gold. If they are of copper, 
a portion of the metal will be dissolved and injure the result. 

ELECTRO-PLATING. 

369. The process of silvering copper, or the alloys of the 
metals, such as German-silver, is done on the same principle as 
that described for gilding, but there seems to be more difficulty 
in making the process succeed to the satisfaction of the artist 
than there is in depositing gold. 
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The following is the method employed by Mr. Sumner Smith, 
of this city, the most experienced electrotjrpe artist within our 
acquaintance. It will succeed perfectly in the hands of those 
who will follow the directions. 

Make a solution of cyanuret of potash in pure water, in the 
proportion of an ounce to a pint Having placed it in a glass 
vessel, prepare the battery for action as usual. Then attach to 
the pole of the silver, or copper side of the battery, a thin plate 
of silver, and immerse this in the cyanuret solution. The pole 
from the zinc side being now dipped into the fluid, the electro- 
chemical action on the silver plate instantly begins, and a rapid 
decomposition of the metal is effected, and in a short time the 
solution will be saturated with the silver, as will be indicated 
by the deposition of the metal on the end of the copper pole 
coming from the zinc side of the battery. The solution is now 
ready for use, but the remains of the silver, still undissolved, 
must not be removed before immersing the articles to be plated, 
since the solution is thus kept saturated. 

This solution is much better than that prepared by dissolving 
the silver separately in an acid, and then re-dissolving in the 
cyanuret of potash as is usually done, for in the latter case the 
silver is apt to be deposited on German-silver, brass, iron, and 
other metals, without the galvanic action, in which case it does 
not adhere well, whereas the solution made as above directed 
is not liable to this imperfection. 

During the preparation of the fluid, only a very small copper 
wire should be employed on the zinc side of the battery. 

The articles to be plated must be well cleaned before immer- 
sion. To effect this, dip them into dilute sulphuric acid for a 
few minutes, then rub them with sand or whiting, and rinse in 
pure water. 

Now having exchanged the small copper pole of the zinc side 
of the battery, for a larger one of the same metal, tipped with 
silver, connect the article to be plated with this, the other pole 
with the silver plate attached being still immersed in the solution. 

The process must now be watched, and the silver attached to 
the copper side raised nearly out of the fluid, in case bubbles 
of hydrogen are observed to rise from the pole on the other 
side, or the articles attached to it. The greater the surface of 
silver in the fluid, the more energetic will be the action, short 
of the evolution of hydrogen from the other pole, but when this 
is observed, the decomposing silver must be raised so far out of 
the fluid as to stop its evolution. 
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By this method a thick and durable coat of silver may be 
placed on old copper tea-pots, candlesticks, or other vessels of 
this sort, where the silvering has been worn off by long use. 

PHOTOGRAPHT. 

370. Tlie word photography, means written, or delineated by 
light, and is descriptive of the manner in which the pictures, or 
designs we are about to describe, are taken. The principle on 
which this art is founded is quite simple, and will be readily 
understood by those who have made chemical experiments, and 
especially with nitrate of silver, of which the common marking 
ink is made. This is merely a solution of some salt of silver, 
the nature of which is, to grow dark on exposure to light, but 
remains colorless when kept in a perfectly dark place. 

Now if a sheet of white paper be imbued with a solution of 
this salt, and then with the hand placed upon it, exposed to the 
light, there will be a figure of the hand left on the paper, in 
white, the ground being black. The reason of this, from what 
we have already said, is obvious ; that portion of the paper 
-which is protected by the hand remains white, while that which 
is exposed to the light turns black. 

The photographic art consists in first covering common writing 
paper with the salt of silver, then taking the picture by means 
of the camera obscura, and afterward applying some solution 
w^hich prevents the ground from changing its color by exposure 
to the light. 

The chief difficulty lies in perfecting the latter part of the 
process, and for this purpose, as well as vnth respect to the par- 
ticular salt of silver to be used, and the way of applying it, a 
great variety of methods have been devised. 

Nitrated Paper: — ^The most simple kind of photographic 
paper is made by dissolving one ounce of the crystalized nitrate 
of silver in four ounces of pure water, and applying it to the 
paper by means of a soft brush. 

For this purpose the paper must be fastened to a piece of 
board with pins at each corner. In putting on the solution 
care must be taken not to touch the same part twice with the 
brush, for if it is not spread equally, the sheet will grow darker 
in some parts than in others. 

The paper being dried by the fire in a darkened room, is 
then ready to receive the impression in the camera obscunu 
It is then soaked for a few minutes in warm water, by which 
the nitrate around the picture is washed away, and the v 
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will remain white. This is to be very carefully done, with the 
paper pinned to the board, otherwise it will be torn and spoiled. 

The nitrated paper, after being dried, and before the picture 
is taken, will become much more sensitive to the light if it is 
soaked in a solution of isinglass, or rubbed over with the white 
of an egg. It is better, however, to do this before the nitrate 
of silver is put on. 

The paper prepared in this manner is not sufficiently sensi- 
tive to be changed by diffused light, and consequently requires 
the rays of the sun in order to produce the photographic effect 

371. Murio-nitrated Paper, — Another method of preparing 
tihe paper is first to moisten it with a solution of muriate of 
soda, (common salt,) and then apply the nitrate of silver. 

For this experiment, dissolve fifty grains of the salt in an 
ounce of water, and soak the paper in the solution. For this 
purpose it must be pinned to a board as formerly directed. 
After being pressed with a linen cloth or with blotting paper, 
and thus dried, it is then twice washed with a solution made 
by dissolving one hundred and twenty grains of crystalized 
nitrate of silver in an ounce of rain water. It must be dried 
by the fire of a darkened room between each washing. 

This paper is very sensitive, the color changing by small 
degrees of light. It must, therefore, be kept in lie dark to the 
moment of using. 

A great variety of other methods of making photographic 
paper are described in treatises on the art, and to those we must 
refer the student who is inquisitive on such subjects. 

372. Camera Obscura. — An instrument of this kind of the 
ordinary construction, has already been figured and described, 
but a more simple and less expensive apparatus will answer for 
experiments in the art under consideration. 

Any one who lives near a joiner's shop, and who is desirous 
of making photographic experiments, can make his own camera 
obscura. 

For this purpose, two boxes, each a foot long and ei^^ht or 
ten inches square, the one sliding within the other, is all that 
is required for the body of the camera. In one of the boxes 
is placed the lens, an inch and a half, or two inches in diame- 
ter, having a focal distance of 12 or 15 inches. The boxes 
are to be painted black on the inside to prevent the diffusion 
of light. This may be done with spirits of turpentine and 
lampblack. 

The paper is fastened to a piece of thin board, which is to 
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be attached to the inner, or sliding box. Through the upper, 
and back part of the box, there is a small hole through which 
the operator can see to adjust the paper in the focus of the lens, 
by sliding- the box in, or out, as the case requires. 

Taking care to turn the sensitive side of the paper toward 
the lens, place it so that the best defined images of things fall 
upon its surface. In this position it must remain a sufficient 
length of time to receive the impression. 

The time required for this is of course quite variable, depend- 
ing on the intensity of the light and the sensibility of the 
Eaper. It may, however, be stated, as a general guide, that 
ighly sensitive paper, in the sunshine of a summer morning, 
requires about thirty minutes for the impression to be complete. 

If the light is less intense and the paper less perfect, it ought 
to remain an hour in the caniera. 

Fixing the Picture, — When the paper is made sensitive by 
the murio-nitrate of silver, as in the last process described, the 
picture is fixed, and the other parts of the paper rendered 
insensible by a solution of hyposulphate of soda. The solution 
is made by dissolving an ounce of the salt in a quart of water. 
A portion of this being placed in a shallow dish, the pictures 
are introduced one at a time, and allowed to remain two or 
three minutes. They are then washed in pure water, and then 
may be dried by exposure to the sun, which now effects no 
change in the color. 

TALBOTYPE. 

373. The branch of photography, called Talbotj/peyhss been 
so named in honor of Fox Talbot, Esq., who has invented and 
introduced many improvements in this curious art. 

Instantaneous Images. — Ever since the discovery of Da- 

guerre, it has been an object among artists to discover some 

process by which a picture could be taken instantaneously, and 

it appears by the following, that this feat has been executed by 

Mr. Talbot. The mechanical portion of the process he thus 

describes. 

; A printed paper was fixed upon a circular disc, which was 

r made to revolve on its axis as rapidly as possible. When it 

-V had attained its greatest velocity, an electric battery was dis- 

• charged in front of the disc, lighting it up with a momentaiy 

- fia h. A camera, containing a very sensitive plate of glass, 

had been placed in a suitable position, and on opening this 

-^ after the discharge, an image was found of a portion of the 
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words printed on the paper. They were perfectly well defined, 
and wholly unaffected by the motion of the disc. The mode 
of preparing this sensitive plate is too long and complicated for 
description in this work. 

DAOUERREOTTPE. 

3*74. This branch of photography was the invention of M. 
Daguerre, an ingenious French artist, and is entirely independ- 
ent of the art of taking impressions on paper, as above de- 
scribed. In that the pictures are reversed, in this they are in 
the natural position, and instead of paper, the picture is on 
silver. 

As an art, this is one of the most curious and wonderful 
discoveries of the present age ; for when we witness the variety 
of means necessary to the result, it would appear equally im- 
probable that either accident or design could possibly have 
produced such an end by means so various and complicated, 
and to which no other art, (save in the use of the camera 
obscura,) has the least analogy in the manner in which the ob- 
ject is accomplished. 

This being a subject of considerable public interest, and, 
withal, a strictly philosophical art, we shall here describe all 
the manipulations as they succeed each other in producing the 
result, a human likeness. 

The whole process may conveniently be divided into eight 
distinct operations. 1st. Polishing the plate. 2d. Exposing it 
to the vapor of iodine. 3d. Exposing it to the vapor of bromine. 
4th. Adjusting the plate in the camera obscura. 5th. Exposing 
it to the vapor of mercury. 6th. Removing the sensitive 
coating. Tth. Gilding the picture. 8th. Coloring the picture. 

1. Polishing the Plate. — The plates are made of thin sheets 
of silver, plated on copper. It is said that for some unknown 
reason the photographic impression takes more readily on these 
plates, than on entire silver. The silver is only thick enough 
to prevent reaching the copper in the process of scouring and 
polishing. 

The polishing is considered one of the most difficult and im- 
portant manipulations in the art, and hence hundreds of pages 
have been written to describe the various methods devised and 
employed by different artists or amateurs. 

We can only state here, that the plate is first scoured with 
emery to take off the impressions of the hammer in plenish- 
ing; then pumice, finely powdered, is used, with alcohol, to 
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remove all oily matter, and after several other operations, it is 
finally given the last finish by means of a velvet cushion cov- 
ered with rouge. 

2. Iodizing the Plate, — After the plate is polished, it is in- 
stantly covered from the breath, the light, and the air, nor 
must it be touched, even on the edges, with the naked hand ; 
but being placed on a little frame, with the face down, it is 
carried to a box containing iodine, over which it is placed as a 
(Cover. Here it remains for a moment or two in a darkened 
room, being often examined by the artist, whose eye decides 

- by the yellowish color to which the silver changes, the instant 
when the metal has combined with the proper quantity of 
iodine. This is a very critical part of the process, and requires 
a good eye and much experience. The vapor of iodine forms 
a film of the iodid of silver on the metal, and it is this which 
makes it sensible to the light of the camera, by which the pic- 
ture is formed. If the film of iodine is too thick, the picture 
-will be too deep, and dark ; if too thin, either a light impres- 
sipn, or none at all, will be made. 

3. Exposure of the Vapor of Bromine. — Bromine is a pe- 
culiar substance, in the liquid form, of a deep red color, ex- 
ceedingly volatile, very poisonous, and having an odor like 
chlorine and iodine, combined. It is extracted from sea water, 
and the ashes of marine vegetables. 

. This the photographic artists call an ajccelerating substance, 
because it diminishes the time required to take the picture in 

.. . tlie camera obscura. 

:.. The iodized plate will receive the picture without it, but the 
Bitter has to remain without motion before the camera for sev- 
eral minutes, whereas by using the bromine, the impression is 
given, in a minute, or in a minute and a quarter. Now as the 

: -S'a^t motion in the sitter spoils the likeness, it is obvious that 
bromine is of much importance to the art, especially to nervous 
peojple and children. 

A . The. bromine is contained in a glass vessel closely covered, 

v: iand is applied by sliding the plate over it for a few seconds. 

4.- Adjusting the Plate in the Camera. — The plate is now 

=- :; ready foT the photographic impression by means of the camera. 

:;, li a likeness of a person is to be taken, he is already placed 

^ "before the instrument, in a posture which the artist thinks will 
givfe the most striking picture, and is told that the only motion 

^a^jgan make for a half a minute to a minute, is winking. 

j T'he artist now takes the plate from a dark box, and undei 
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cover of a black cloth fixes it in the focus of the lens. This is 
done in a li^ht room, with the rays of the sun difiused by 
means of white curtains. 

The artist having left the sitter for the specified time, returns, 
and removes the plate for the next operation. Still, not the 
least visible change has taken place on the bright surface of the 
silver. K examined ever so nicely, no sign of a human face is 
to be seen, and the sitter who sees the plate, and knows nothing 
of the art, wonders what next is to be done. 

5. Exposure to the Fumes of Mercury, — ^The plate is next 
exposed to the fumes of mercury. This is contained in an 
iron box in a darkened room, and is ^.eated by means of an 
alcohol lamp, to about 180 degrees, Fah. The cover of the 
box being removed, the plate is laid on, with the silver side 
down, in its stead. 

After a few minutes, the artist examines it, and by a faint 
light now sees that the desired picture begins to appear. It i» 
again returned for a few minutes longer, until the likeness is 
fiilly developed. 

If too long exposed to the mercury, the surface of the silver 
turns to a dark ashy hue, and the picture is ruined ; if re- 
moved too soon, the impression is too faint to be distinct to the 
eye. 

6. Removal of the Sensitive Coating. — The next operation 
consists in the removal of the iodine, which not only gives the 
silver a yellowish tinge, but if suffered to remain, would darken, 
and finally ruin the picture. Formerly this was done by a 
solution of common salt, but experiment has shown that the 
peculiar chemical compound called hyposulphate of soda, an- 
swers the purpose far better. This is a beautiful transparent 
crystalized salt, prepared by chemists for the express purpose. 

A solution of this is poured on the plate until the iodine is. 
entirely removed, and now the picture, for the first time, may 
be exposed to the light of the sun without injury, but the plate 
has still to be washed in pure water, to remove all remains of 
the hyposulphate, and then heated and dried over an alcohol 
lamp. 

7. Gilding the Picture. — This is called, fixing, by the chlo- 
ride of gold. 

Having washed the picture thoroughly, it is then to be placed 
on the fixing stand, which is to be adjusted previously, to a 
perfect level, and as much solution of chloride of gold as Z*'*^ 
plate can retain, poured on. The alcohol lamp is then tfsh- 

, to 
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under all parts of it successively. At first the image assumes 
a dark color, but in a few minutes grows light, and acquires an 
intense and beautiful appearance. 

The lamp is now removed, and the plate is again well washed 
in pure water, and then dried by heat. 

Before gilding, the impression may be removed by repolish- 
ing the plate, when it is perfectly restored ; but after gilding, no 
polishing or scouring will so obliterate the picture, as to make 
it answer for a second impression. Such plates are either sold 
for the silver they contain, or are re-plated by the electrotype 
process. - 

8. Coloring the Picture. — Coloring daguerreotype pictures 
18 an American invention, and has been considered a secret, 
though at the present time it is done with more or less success 
by most artists. 

The color consists of the oxyds of several metals, ground to 
an impalpable powder. They are laid on in a dry state, with 
soft camel-hair pencils, after the process of gilding. The plate 
is then heated, by which they are fixed. This is a very deli- 
cate part of the art, and should not be undertaken by those 
who have not a good eye, and a light hand. 

The author is indebted to Mr. N. G. Burgess, of 192 Broad- 
way, New York, for much of the information contained in th'3 
above account of the daguerreotype art. Mr. B. is an experi- 
enced and expert artist in this line. 

morse's electro-magnetic telegraph. 

3*75. The means by which Mr. Morse has produced his won- 
der-working and important machine, is the production of a 
temporary magnet, by the influence of the galvanic fluid. 

We have already described the method of making tempo- 
rary magnets of soft iron, by covering the latter with insulated 
copper wire, to each end of which the poles of a small gal- 
vanic battery is applied. 

The description of Fig, 289, with what is said before on the 
subject, will inform the student how the power is obtained by 
which the philosopher in question has brought before the world 
such wonderful and unexpected efiects. 

The machine itself is sufficiently simple, and will be compre- 
hended at once, by those who have made electro-magnetic 
experiments, by the annexed diagram and description. 

The temporary magnet A, Fig, 292, enveloped with its insu- 
lated copper wire, is fastened to the wooden frame B G, by 
means of cords or otherwise. 

17 
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Principle of Morae'a Teiegraph. 

This frame also supports the standard H, which sustains the 
revolving drum F, on which the paper to receive the emblem- 
atical alphabet is fixed, M being the edge of the paper. 

To the arm G, is appended the lever C, of wood, which bs 
.1 slight vertical motion, in one direction by the steel spring A 
and in the other, by the armature of soft iron E. 

The two poles of the magnet rest in two little cups of ws- 
cury, into which are also to be plunged the poles of the w^ 
letic battery, (not shown in the drawing,) of which P is tSs 
positive, and N the negative. The steel point I, attached to tbe 
lever, is designed to mark the telegraphic alphabet on the paper. 

Having thus explained the mechanism, we will now showii 
what manner this machine acts to convey intelligence from ooe 
part of the country to another. 

It has already been explained that when a bar of soft iwi 
surrounded by insulated copper wire, as shown at A, has itstw 
poles connected with the poles of a galvanic battery, the iwi 
instantly becomes a magnet, but returns to its former sUfc 
or ceases to be magnetic, the instant the connection betwea 
them ceases. 

To break the connection, it is not necessary that both of tii 
poles should be detached, the circuit being broken by the sept 
ration of one only. 

Supposing then, that N and P are the poles of such a h 
tery, on placing N into the cup of mercury, the wires from 9 
soft iron being already there, the armature E is instantlj 
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tracted, which brings the point I against the paper on the re- 
volving wheel F. If N is instantly detached after the point 
strikes the paper, then only a dot will be made, for the mag- 
netic power ceasing with the breaking of tho circuit, the spring 
D withdraws the point from the paper the instant the pole 
is removed. 

If a line is required in the telegraphic alphabets, then the 
pole is kept longer in the vessel of mercury, and as the alphal^t 
consists of dots, and lines of different lengths, it is obvious that 
writing in this manner can not be diflScult. The understanding 
of the alphabet is another matter, though we are informed that 
this may be done with fecility. 

The marks of the point I, are made by indenting the paper, 
the roller on which it is fixed being made of steel in wnicn a 
groove is turned, into which the paper is forced by the point. 
The paper is therefore raised on the under side like the printing 
for the blind. 

The roller F is moved by means of clock-work, having an 
uniform motion, consequently the dots and lines depending 
on the time the point is made to touch the paper, are always 
uniform. 

Now wi^h respect to the distance apart at which the tem- 
porary magnet and writing apparatus, and the battery are 
placed, experiment shows that it makes little difference with 
respect to time. Thus, suppose the battery is in Hartford, and 
the magnet in New York, with copper or iron wires reaching 
from one to the other. Then the telegraphic writer at Hartford, 
giving the signal by means of an alarm bell, that he is ready to 
communicate, draws the attention of the person at New York to 
the apparatus there — the galvanic action being previously broken 
by taking one of the poles from the battery at Hartford. 

K now we suppose the letter A is signified by a single dot, 
he at Hartford dips the pole in the cup of the battery, and in- 
stantly at New York the soft iron becomes a magnet, and a dot 
is made on the paper, and so, the rest of the alphabet. 

The wires are carried through the air by being wound around 
glass 9aps supported by iron L shaped arms, which are driven 
into wooden posts about 20 feet from the ground. These posts 
are erected for this purpose chiefly on the railway lines from 50 
to 1 00 feet apart. 

VELOCITY OF ELECTRICITY. 

376. The long experience of the oflBcers of the United States 
government on the coast survey, with telegraphic lines, have 
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enabled them to measure the velocity of the galvanic current 
with uncommon accuracy. From experiments and calculations 
thus made, it appears that its velocity is about fifteen thousand 
four hundred miles per second. 

The period of its transit between Boston and Bangor, was re- 
cently measured, and the result was, that the time occupied in 
its passage, was the one hundred and sixtieth of a second. Ac- 
cording to this experiment the velocity is at the rate of 16,000 
miles per second, which it appears is about 600 miles per second 
more than the estimates made on the coast survey. — Annual 
Scientific: Discoveries, 

Telegraphs in the Country. — ^According to a recent estimate, 
the length of telegraphic lines in the country, in actual opera- 
tion, is not far from 16,000 miles. 

The most remote points in communication are Quebec and 
New Orleans ; their distances apart, following the circuitous 
routes of the wires, being about 3,000 miles. 

Number of Stations, — The number of towns and villages ac- 
commodated with stations, and from which, therefore, intelli- 
gence by telegraph, from one to the other, or from one to all 
the othere can be interchanged, are between 460 and 500. 
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house's printing telegraph. 

377. This instrument, one of the wonders of our time, prints 
all communications in Roman capitals, and that much more 
rapidly than the most expert compositor. 

To go into a description of all its parts would probably so 
confuse the mind of the reader, that in the end none of it would 
he understood. We shall, therefore, describe only such portions 
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of the machinery as are necessary to show how the result is 
produced. 

In the first place, when a communication is to be made from 
one city to another, notice is given, by an electrical current on 
the wires, which occasions a vibration of a part of the ma- 
chinery, and by which the attendant knows that a message is to 
be sent. At every station there is an electrical batteiy, con- 
sisting of 12 or 14 cups, the power most commonly used being 
that known as Grove's battery, a description of which may be 
seen in another place. 

The forms of all visible parts of the instrument are shown by 
Fig. 293. That portion by which the printing is performed 
consists of a soft iron, or electro-magnet contained in the cylin- 
der A, of an escapement B, moved by condensed air, by means 
of the pump G, above which is seen the band by which that 
part of the machinery is turned ; D is the printing apparatus, 
the projecting portion being the lever ; E is the inking band, 
by which the type are inked for printing ; F is a strip of paper 
for printing. 

FIO. 293. 




JSiwMe'tf Printing Telegraph. 

This engine is moved by a boy, who turns the wheel by the 
lever shown, and by which air is condensed by the pump G, and 
by the force of which, the printing portion of the machinery is 
actuated. 
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The action of the electricity in this telegraph is merely to 
produce a correspondence of motion in the machinery at the 
different ends of the line. All the mechanical results are pro- 
duced by local, mechanical power, connected with the printing 
apparatus at each station, where manual force is employed for 
this purpose. 

878. The letters on the keys, moving by the touch like those 
of the piano, are the instruments by which the different letters 
are, one by one, printed from one station to the next. Thus 
one letter of the 26, on the different keys, will be printed at the 
other end of the line, when that letter is depressed. This is 
done by converting a piece of soft iron into a magnet at the 
next station, on the principle already explained and illustrated, 
in the description of Morse's telegraph, only that the letter, 
instead of the point, is made to act or advance. 

This is a most complicated machine as a whole, though its 
different parts are suflBciently simple. The effect, though the 
means are so difficult to understand, is highly curious and inter- 
esting, as it prints Roman capitals at the rate of 150 or 200 in 
a minute. This is done on strips of paper an inch wide ; and 
when in operation, any one may print a sentence, as his own 
name, by touching the keys on which the letters are placed, 
which spells the sentence. 

PRINTING PRESS. 

378. It is said that the Chinese printed from blocks of wood, 
with letters engraved on them, before the Christian era. 

But the first printing on metallic type, was executed on the 
celebrated Mentz Bible, in about 1450. The next specimen of 
printing known was the Psalter, done in Germany, in 1457. 

It is said that these books are printed in such a style of 
beauty and finish, as to command the astonishment of all 
printers who behold them, and that even at the present day, 
with all our boasted inventions and improvements in the arte, 
it is difficult to imitate, and hardly possible to excel, these as 
specimens of work in the art of printing. 

Of the mechanical means by which printing has been, and 
still is performed, many singular and curious examples might 
be described, but our limits will only admit descriptions of two 
figures, representing Ramage*s press and the cylinder press. 

379. Marriage's Press. — This press was that most commonly 
used on both sides of the Atlantic, until within the last 20 years. 
In addition to this, the Stanhope and Smith presses were used 




in Bngland, and the Clymer aod Woshingbxi in tiiis coaDtry. 
These may be coDsidered as varieties of the Ramage ; and their 
description would possess no interest, except to the antiquated 

{irint«r who had worked at them with the inking balla, now 
ong since disused, aa we shall see. 

The Ramage press is repre- Fia. sm. 

sented by Fiff. 294, and will be 
nnderstood by the foUowing de- 
scription : The cheeks A A, are 
the sides of the wooden frame 
which supports the other parts, 
and sustains the force of the 
screw by which the impression 
is made' The bed B, is that 
part on which the type are laid 
for printing. The ball C is seen 
on a httle shelf, called the rack, 
made for that purpose. [This will be described hereafl«r.] 
T\i{i frisket, F, turns down, and confines the sheet on the tym- 
pan. The bar or lever L, turns the screw by which the force 
is given and the impression on the type made. The platen, P, 
is fastened to the lower end of the screw, being the part by 
which the impression is made. It is of aaai iron, about two 
feet square, thick at the center, and strong, so as to give a 
heavy force. The lympan, T, is covered with parchment to re- 
ceive the sheet, confined by the frisket, and then run under the 
platen to be printed. 

AetUm. — The type being set, and locked firmly in an iron 
frame, called &/orm,, this is laid on the bed, and the type inked 
by the balls; the sheet is next laid on the tympan, and covered 
by the frisket. which has open spaces for the pages, as seen in 
tiie figure. The type and sheet spread over them, are then 
moved under the platen by the action of a lever, connected 
with a wooden cylinder, surrounded by leather straps, and called 
the rounce. Theirapressionisthen made by pulling the lever, by 
the action of which, on the screw, the platen is forced upon the 
paper, and this on the type. The bed is then "runout," thetype 
again inked by dabbing with the balls, and the whole is again 
ready to be run in for another impression, and so on to the 

380. The former method of distributing the printing ink on 
the type, consisted in the use of a pair of balls, represented by 
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Inking Balls. 



Fig. 295. These were made of pig. gge. 

sbeeps' skin, undressed, and tech- 
nically called pelts — were six or 
eight inches in diameter, stuflfed 
with wool, and furnished with wood- 
en handles. 

One of these being struck on the 
board where the ink, a little thicker 
than cream, was spread, took up a 
small quantity, which, by turning 
the balls skillfully on each other, 
was equally spread over both. They 
were then taken, one in each hand, and dabbed, or rapidly 
struck on the type, until the ink was nicely distributed over 
their faces, and thus they were made ready to give an impres- 
sion. This was a critical and laborious operation, requiring 
much experience and a strong arm, like that of a blacksmith, in 
order to cover the type speedily and equally with the ink. 
[Printer's ink is made of oil and lampblack.] 

881. Invention of the Holler, — The ancient method of inking 
the type, as above described, was destined to give place to an 
improvement, which, among printers, formed an era long to be 
remembered. 



FIG. 296. 




Inking RtMer. 



ITiis was the invention of the roller which is composed of 
molasses, glue, and tar, intimately mixed and combined by heat. 
This composition has all the qualities to be desired for this pur- 
pose, namely, softness, elasticity, and readiness to receive and 
impart the ink. This being cast into a cylinder, on a wooden 
support, and fitted to an iron frame, with handles, as shown by 
Mg. 296, form the important instrument in question. 

Rollers have also been made of India rubber. 

As the ends of the support revolve easily in the frame, all 
that it is necessary to do to spread the ink on the type, is first 



CYLINDER PRESS. 393 

to pass the roller a few times over the board on which the ink 
is spread, and then revolve it over the type two or three 
times. 

This invention completely obviated the most laborious and 
unpleasant portion of the art of printing by hand ; and in ma- 
chine printing, these rollers are so absolutely indispensable, that 
'without them that mode of printing, without which the world 
would now remain in comparative ignorance, would have to be 
relinquished. These rollers are from two to eight inches in 
diameter; and for machine work, from three to six feet in 
length. 

DOUBLE CYLINDER PRINTING MACHINE. 

382. This printing press, when compared with the ancient 
or former one of Ramage, already described, will be seen to 
present an entirely new invention, or series of inventions ; for 
many years were consumed' in devising and adapting its several 
parts to each other, and bringing it to the state of perfection in 
Tvhich it now exists. 

Instead of printing, as did the hand presses in old times, 
2,000 copies a day, by means of ten hour's hard labor of two 
men, this engine, driven by steam, will, with the help of two 
boys to fix the sheets in their places, print from 3,000 to 6,000 
sheets per hour, or from 30,000 to 60,000 copies per day. 
Such are the improvements in printing machines within the last 
twenty years. 

283. Description. — ^This is a length, or side view of the ma- 
chine ; the length of the printing cylinders and inking rollers 
being about four feet The length here shown of the whole 
machine, is from 8 to 10 feet, and the height to the upper 
cylinder 4 feet. 

The ink, about the consistence of cream, is taken from the 
trough, which is of the length of the small, rapidly revolving 
roller, by which it is taken up, and from it is taken by adhe- 
sion to another and larger roller, from which it is derived by 
the type, over which it passes with a reciprocating motion. 

At, or during each impression, the ink on the type is re- 
newed by the continually revolving rollers. Thus, while this 
engine is in action, being generally moved by steam, nothing 
more is necessary than to supply the ink by putting it in the 
trough, and to place the ends of the sheets under the revolving 
cylinders, which latter work is done by two boys, as shown by 

the cut. 
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384. The parts of the press shown by the Fig, 297, are 
marked as follows : The bed A, on the left, corresponds to the 
same part in the hand press already explained. This has a re- 
ciproeating or in and out motion ; the type which rest on it, 
being alternately run out to be inked, and run in to be printed. 
The revolving cylinders B B, receive the paper and press it 
upon the type, by which it is almost instantly printed. The 
cam C moves the fiiea D D, by which the printed sheets are 
carefully laid away in a pile. This movement is communicated 
by the cam to the flies, by the long iron bar seen on the left. 
The pulley E, moved by a strap connected with the steam 
power, gives motion to the entire machine by means of gearing. 
The revolving wheels G G, give motion to the cylinders and 
inking rollers. The tape wheels^ so called, H H, are the wheels 
over which run tape bands, not shown, which convey the printed 
sheets from the form to the flies. The printed sheets shown at 
I, have been laid off by the flies, and are ready for circulation, 
or the bindery, as the case may be. 

[The author has thus tried his best to give an idea of print- 
ing presses to those who never saw them ; but he would advise 
all those who desire to know how printing is done, especially by 
a cylinder press, to go and see with their own eyes, which they 
can do now in nearly every village in the country.] 

SHARP^S RIFLE. 

885. This is undoubtedly for the purpose designed, the moat 
perfect and efficient single instrument of destruction ever in- 
vented ; and of which, we here propose to give such a descrip- 
tion, with illustrations, as to make all its peculiarities readily 
understood. 

The barrel is about 22 inches long, and the bore of the size 
to admit round balls of 32 to the pound ; but being elongated, 
or acorn-shaped, the number is only 18 to the pound. 

This rifle loads at the breech, the form of the ball inclosed in 
its cartridge being shown at A, Fig, 298, introduced into its 
place. 

The slide B, which takes the place of the breech pin in other 
guns, is a solid piece of steel, represented depressed for the in- 
troduction of the ball. The cone E, is that part on which the 
percussion cap, or its substitute, is exploded, and which in- 
flames the charge in the gun. 

The manner in which the breech slide is depressed, will be 
understood by the section. Fig, 299, where D is the lever by 
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Skarp'a Rifle. 

which it is drawn down for the introduction of the ball, and 
then elevated preparatory to the discharge. The upper and 
anterior portion of the slide, has a cutting edge, seen above B, 
Fig. 298, which separates the end of the paper cartridge, thus 
exposing the powder to the action of the percussion priming, by 
which it is inflamed and the gun discharged. 

886. The Priming. — The former mode of discharging this 
rifle was by means of Maynard's patent priming, which con- 
sisted of kernels of percussion powder, inclosed in varnished 
paper. But this mode the inventor of the rifle found objec- 
tionable on several accounts, and especially as it became useless 
on exposure to moisture. 

lie therefore invented a new, and an entirely original mode 
of priming, which has been recently patented, and which he 
has allowed the author to figure, and explain for the use of this 
* work. 

This consists of the tube A, Fig. 299, of iron, about the one- 
fifth of an inch in diameter and two inches long, called the 
magazine. In the lower part of this is a spring, above which 
are the priming discs, consisting of thin, round envelopes of cop- 
per, containing the percussion powder, completely protected 
from moisture, so that they may remain under water for hours, 
or weeks, without damage. 

Each tube holds 60 of these primers, one of which is forced 
up against the slide C by the spring. When the hammer is 
drawn to the back notch, the slit B, working on the arm of the 
slide C, which is fastened to the plate of the lock, draws it 
back from over the tube A, and admits one of the percussion 
discs in front of the slide at C, and by which, when the trigger 
is pulled, it is thrown forward, between the face of the hammer 




and the cone, vrhere it is inataatly exploded, and the rifle dis- 
charged. 

One of the most siogular and curious results of this tnechan- 
ism, is, that the percussiou disc is struck, as it were, "on the 
wing," orwbiie it is flying between the hammer and the cone'; 
and yet it never faiis to explode in the proper place and dis- 
chai^ the gun, let its position be vertical or honzontal. 

387. Practical efffcla of Ihii Rtfie. — We have seen this arm 
fired at a target at the several distances of 300, 500, 600, and 
YOO yards, being respectively 900, 1,500, 1,800 and 2,100 feet. 

The target was a pine beard 30 inches square, and by the 
inventor was hit on tie average, twice out of tliree shots. 

By experiments and calculadons lately made in Franco, it 
was found that a man, at the distance of 1,638 feet, appears tA 
the naked eye only one-fifth his real size, and therefore, by this 
estimate, a target of 30 inches in diameter, at the distance of 
2,100 feet, appears less than six iuchea square, a small object 
truly in practice, and requiring an accuracy of aim so minute, 
that the tenth of an inch in the direction of the sight, would 
carry the ball far aside of such a mark, and yet it was pierced 
twice out of three shuts. 

388. Adjusted Sight. — This rifle has an adjusting sight, 
which is elevated, or depressed and fixed, according to the dis- 
tance of the mark. All the shots were made, with the gun in 
the hands, or without a rest, and also, with the striking pecu- 
liarity of being placed on the left shoulder. 

Fatal at the Diatanee of a Mile. — Although in the above 
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trial, the distance was only YOO yards, the inventor has proved 
by experiment, that this rifle throws its ball with a force equal 
to the destruction of human life to the distance of a mile. 

In battle, therefore, the approaching enemy can be eflfectually 
assailed with tliis arm, at that distance, the aim, of course, being 
more and more sure, as the distance diminishes. 

Number of Balls Throvm, — ^The rapidity with which this arm 
may be loaded and fired is such, that if one ball be sent along 
tlie surface of water, another may be made to follow before the 
first ceases its motion. 

The inventor loads and fires it ten times in a minute ; but 
estimating that in battle the number of balls fired by each sol- 
dier would be only six in a minute, then 1,000 men would dis- 
charge 6,000 in a minute, or 360,000 in an hour. 

389. Invention of Gunpowder. — In Europe, the invention of 

funpowder is attributed to Roger Bacon, who died in 1292 ; 
ut it seems to have been known to the Chinese long before 
that period. 

The first account of its use in European war, was at the bat- 
tle of Cressy, in 1346, and from that time it superseded, chiefly, 
all other means of destruction on the battle-field. 

Effects of this Invention. — ^There is no doubt but this inven- 
tion has proved a humane — a merciful discovery in the art of 
war. 

Before its use, the instruments of death in battle were the 
barbed arrow, the halbert and spear, various kinds of swords, 
and the war-club. 

The combatants fought hand to hand, each one tr3ring to in- 
flict the most cruel tortures on the other ; and, indeed, the in- 
struments employed, were much better calculated for this pur- 
pose, than for the infliction of sudden and quiet death. 

On the contrary, gun-shot wounds, when not instantly fatal, 
afford a prospect of recovery, while those made by the barl)ed 
arrow and spear, more commonly portend a miserable death, 
after protracted agony. 

Besides, if we examine the accounts of ancient battles, wo 
shall find, that including the carnage on the field, and the num- 
ber who died of their wounds afterward, the destruction of 
human life, where an equal number were engaged, was much 
greater than it was, after the invention and use of gunpowder. 

390. Conclusion. — Although there is no doubt but the use 
of fire-arms, in warfare, has heretofore diminished the horrors 
of the battle-field, this circumstance, as history informs us, has 
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had no influence on our species, except to foster an increasing 
desire to render the instruments of death more and more per- 
fect, so that in the day of battle, the carnage should be as sud- 
den and as great as possible. And hence, within a few years, 
great improvements have been made on fire-arms in France, 
England, Germany, and America, all tending of course, to the 
increase of their destructive effects. 

The inventors of these improvements in the arts of human 
destruction, are by no means considered by political, or even 
by moral and religious writers, as enemies of the human race, 
but are viewed, at least, by many such, as the pioneers of uni- 
versal peace, if, indeed, fallen man should ever cease to learn 
and practice the art of war. 

391. Settlement by Arbitration Improbable, — The history of 
man affords no foundation for the belief that national quarrels 
will be settled by the intervention, or arbitration of other nations, 
and hence, there can be little doubt, if the moral and political 
condition of the world remain as heretofore, that " nation will 
continue to lift up its arm against nation,*' and that the time 
when " man shall learn war no more," is not at hand, unless 
indeed, it should be by the approach of the millenium. 

Under this view of the case, the only prospect of universal 
and permanent peace, is in such a degree of perfection in the 
art of war, that certain death awaits at least five out of six of all 
who enter as combatants on the field of battle ; and in naval war- 
fare, an equal proportion of ships shall as certainly be buried 
in the ocean. 

Until such a state of things exist, men will continue to en- 
gage each other in mortal strife ; and it is on this account 
that moralists of the present day, look with favor on the im- 
provements in fire- arras, knowing that the paramount design of 
all such inventions is to render escape more difiicult, and death 
more sudden and certain on the battle ground. 

Nor is it probable that the time is far distant, when at least 
ten will fall on the field, where with an equal number of com- 
batants, only one fell 30 years ago ; the result being solely fi'om 
the more deadly power of the fire-arms employed. 

The author having served as surgeon on the frontier, in the 
U. S. Army, in the war of 1812-15, is able to appreciate, in a 
measure, the difference between the destructive power of the 
fire-arms then furnished by the government, and those now to 
be introduced into the Army of the United States. 

392. Contrast between Old and New Arms, — To those who 
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have examined this subject, and are acquainted with the arms 
employed formerly, and those now going into general use, it 
will not be considered an over estimate to suppose, that 100 
men armed with Sharp's rifle, and Colt's revolvers, would com- 
mit greater carnage, on the battle ground, than 1,000 men 
could do, with the flint lock, government muskets, in former 
use. 

393. Who indeed will enlist into a military service when ho 
knows that his enemy will oppose him with messengers of death, 
at the rate of 600 per minute, or 36,000 per hour, for every 
100 men, and this at the distance of a mile, or less ; and with 
the same number of such messengers, in half that time, when 
within any distance between 20 yards, and the reach of the 
bayonet ; which will be the case when armies are supplied with 
Sharp's rifles, and Colt's revolvers. 

From such sources only, according to the present aspect of 
the nations of the earth, can we look for permanent peace. 

colt's repeating pistol. 

394. This celebrated fire-arm has been brought to its present 
degree of perfection, only after years of experience, trial, and 
invention, by the original patentee Col. Samuel Colt, of Hart- 
ford, Conn. 

An account of this weapon is introduced here, as an inven- 
tion with which all the civilized nations of the earth, are now, 
or are soon, to become acquainted. 

As Americans, therefore, we are bound to know something, 
at least, of the history and mechanism of so important an 
invention. 

The examination and ti-ial of Colt's revolvers at the World's 
Fair, and the award passed upon them thereby the best judges, 
and the most experienced military men of the age, are ample, 
and suflicient proofs that this, for the purpose for which it is 
designed, is the most efficient and perfect fire-arm ever invented. 

The immense demand for the article in foreign countries, as 
well as in our own country, evinces, also, that no substitute 
exists for this weapon. 

About 400 artificers, we understand, are employed in their 
manufacture, which number, it is stated, is to be increased to 
1000, in order to supply the demand. 

The United States government have adopted Colt's repeat- 
ing pistol, as the best weapon known, for mounted men, both 
for offensive and defensive use. And in the Mexican war, no 
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officer who could obtain a revolver, ever went a clay without 
one, and those who could not, often considered their lives in 
peril, in consequence. 

395. In 1851, the President of the United States in a mes- 
sage to the Senate, states, that 

" Such is the favorable opinion entertained of the value of this 
arm, particularly for mounted corps, that the secretary of war 
has contracted with Mr. Colt, for four thousand of his pistols," 
without waiting a special appropriation of Congress.. This 
contract, of course, was confirmed by the Senate. 

Such is considered the importance of this arm as a weapon 
of defence, that the military committee of the House of Rep- 
resentatives, recommend that it should be furnished to emi- 
grants, as the following shows. 

" We, the undersigned, members of the military conlmittee 
of the House of Representatives, understanding that an appli- 
cation is pending before your committee, favorably commended 
by the ordnance department, for the purchase of a suitable 
number of Colt's pistols, and authorizing the department to 
furnish the same to emigrants at government prices, and to de- 
liver the same to the States, under the act of 1808, for arming 
the miUtia, recommend the same to your favorable considera- 
tion, and believe that such a clause in the army bill would be 
desirable and proper." 

Signed by tiie committee, nine in number, January, 1851. 

396. Dencription of Coifs Pistol, — ^Why these arms are 
called revolvers, and by what means they are made the most 
efficient of fire-arms, for certain purposes, will be understood 
by Fig. 300, and the following explanation. 

The letters by 
which the principal ^ ^®- ^oo- 

parts of the pistol 
are denoted, are the 
following, as seen on 
the cut. The barrel 
B, is from three, to 
eight inches in length 
according to the size C!ott'» Pistol. 

and design of the 

pistol. The cylinder C, is the part which revolves, and from 
which the arm takes its distinctive name. The mechanism by 
which the rotary motion is performed, can not be shown by a 
single figure. The cylinder is pierced with six apertures, called 
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chamberSy each of which, when ready for action, contains a 
charge of powder and a ball. Caps are then put on the tubes, 
corresponding to each charge, and now the arm is ready for the 
discharge of six balls, as rapidly as the hammer can be drawn 
to the back notch and the trigger pulled. 

The hammer H, being drawn back to where it now stands, is 
made to strike, with its face, the cap on the tube, by which it 
is exploded, and the pistol discharged. Then on drawing the 
hammer back for another discharge, the mechanism makes the 
cylinder revolve one notch, by which the next cap is brought 
under the hammer, and by pulhng the trigger is discharged, 
and so of all the other charges. The trigger requires no expla- 
nation, being in all fire-arms the same. The ramrod R, is con- 
nected with the lever L, by the united action of which, ihe ball 
is pushed down the chamber fo the powder. 

397. Having explained the references, we will give the 
inventors own directions for loading, &c. 

" Draw back the hammer to the half notch, which allows the 
cylinders to be rotated ; a charge of powder is then placed in 
each chamber, and the balls, without wadding, or patch, are 
put, one at a time, upon the mouths of the chambers, turned 
under the rammer, and forced down with the lever below the 
mouth of the chamber. This is repeated until all the cham 
hers are loaded. Percussion caps are then placed on the tubes, 
when, by drawing back the hammer to the full catch, the arm 
is in condition for a discharge by pulling the trigger ; a repeti- 
tion of the same motion produces like results." 

When this arm is prepared, therefore, all that is required in 
defence, or in action, is to draw back the hammer, and pull the 
trigger, until the six balls are discharged, which is done in less 
than half a minute. 

MC cormick's reaper. 

398. The principal^ or cutting apparatus of this famous ma- 
chine, is shown by Fig, 301. The entire machinery, consisting 
not only of the four wheels on which the whole rests, but also 
of bands, cranks, cog-wheels, driver's seat, and platform for the 
grain — the whole being connected and supported by braces in 
all directions ; it is obvious, is too complicated an engine for 
the purposes of a school book. 

Nor are these parts necessary to show the mystery, in which 
the public are chiefly interested, viz., how it is possible that a 
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tuacLine di'an'n by horses, can do what onl} the hands of man 
have heretofore performed witli the sickle and cradle 

The above drawing is designed merely to illustrate and ex- 
plain this wonder. 

The angular pointed projections, marked hy numbers 1, 2, 3, 
4, and 5, are called ths ^tiffera. They are firmly driven into a 
l>eam of wood, at the distance of 4-J inches from the center of 
one to that of the other, and their length ia about tie same 
number of inches. They are of cast iron, wiUiout cutting edges. 

At the base of the fingers, and between their angles, are seen 
the sickles, angular in form, and composed of sections of steel 
plate riveted to an iron strap, about an inch wide, which strap 
is movable lo the right and left on the beam of wood into which 
the lingers are driven. 

399. The sickles have thin cutting edges, which are finely 
serrated, similar to a common sictle, the t«eth standing right 
and left from the cenler or angle of each. 

While the fingers are fixed to the beam, the sickles have a 
reciprocating motion of about 4 inches, alternately to right and 
left by means of a crank, turned by the force of .the wheels, by 
which the whole machine is moved. 

This is the effective or cutting portion of McCormick's reaper. 
All the other parts are adjuvants to this, being the means by 
which this is moved and actuated. 

The divider A, is a piece of iron which extends forward o' 
the fingers, and is designed to separate the grdn to be cut ft- 
that which is to be left standing. This, as iU shape indio 
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bend< the grain to be cut inwards, leaving that which remains 
in a well-defined and perfect line, until the return of the reaper. 

The strips of wood, B, fastened to the beam on which the 
sickles work, show where the force, by means of horses, is ap- 
plied, and by which the whole is drawn on four wheels of mod- 
erate size. 

400. Action of the Reaper. — It will be observed that the 
effective or cutting portion of the machine, extends to the right 
of the place where the moving force is applied, and hence that 
the horses work on the side of the standing grain. 

The grain, therefore, is cut by beginning on the outside and 
going around the field, the horses passing that which has been 
cut, while the sickles extend about six feet into that which is 
standing. • 

The cutting is performed by the alternate, or reciprocating 
motions of the sickles against the grain, which is kept from re- 
ceding by the oblique, angular form of the fingers, as shown 
by the figure, after the inspection of which, no further descrip- 
tion will be required to show how the operation is performed. 

As the grain is cut, it falls upon a platform, where a man 
stands, with a rake, to gather and remove it to the outside of 
the machine, and where it is bound by men who follow for this 
purpose. Thus the way is cleared for the return of the horses 
and reaper. 

It is stated that the fields of wheat thus cut, present a very 
smooth and, to the eyes of the farmer and others, beautiful ap- 
pearance — the stubble presenting a level and even surface 
throughout. 

The inventor of this reaper not only received the highest pre- 
mium at the World's Fair, in England, but also the gold medal, 
in the States of Ohio and Illinois, for the most complete, and 
best working machine of this kind presented. 

It is stated that such is the demand for this reaper, that sev- 
eral thousands will probably be sold in the course of the present 
year. The price is about $120. 

The inventor also constructs mowing machines, on the same 
principle as the reaper. 
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Ekrata, Astronomy, P- 11^) insert the Asteroids as in p. 120. In p. 
122, omit the last clause, and look to Saturn for the correction. The rela- 
tive size of Neptone can not be shown on the page. 
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